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Our engineers have come 
шш | 
up with a new way to melt glass. 

In fact, they ve come up with the hottest line of outboards ever built. Over the past six years, 
every Mercury has been totally redesigned, each bred from a line of racing champions. 

In the grueling 24 hours of Rouen endurance race in Rouen, France, Mercury powered the 
top seven finishers. That's an impressive record. But what's even more impressive is the fact that 
everything we learn from racing goes into building a better engine for you. 

So if youre looking for a real feeling of power, just get your hands on any of our new Mercury 


outboards. Then get ready to melt some glass of your own. 


Set The Water On Fire. 
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HYPERSCAN 


Now You Can Scan Up to 400 Channels 
in Less Than 16 Seconds! 


You'll be “on the scene" of local action in a flash 
with the Realistic PRO-2006. More than 196,000 
exciting frequencies are at your command, includ- 
ing the new 800-MHz police and emergency 
bands. At up to 26 channels per second, you'll 
scan much faster than most scanners not 
equipped with HyperScan. 


CREATING NEW STANDARDS 


RELIABLE QUALITY — Over 1500 engineers and technicians develop, 
evaluate and test to our exacting standards— NOBODY COMPARES 
PROMPT SERVICE — Over 7000 drop-off points nationwide insure 
dependable service to your satisfaction. Over 1,000,000 parts stocked. We 


service what we sell— NOBODY COMPARES 


You get ten 40-channel memory banks, a 10- 
channel monitor bank, search mode and select- 
able priority function. Frequency coverage is 
25-520, 760-823, 851-868 and 896-1300 MHz. 
Precise ZeroMatic? tuning locks on-frequency for 
best reception. A backlit LCD display, memory 
backup and full array of jacks are included. 

Take the next big step in communications 
excitement— check out the Realistic PRO-2006, 
available at Radio Shack. 
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| "nd ful of T possibilities ОТТ ору you in the rightdirection:Up. 
€ In the Air Force. Weve got openings in to- days fastest-rising careers 
ze From computers and communications to 44 electronics and avionics. 
Over 2001 in all. But dont let the number of choices # | intimidate you. If youre 
not already sure about which field you want, our P unique screening and 
orientation process can help. It evaluates your / strengthsand interests, 
and helps you find a career that | А 40 
makes the most of them. You may 
discover talents (and valuable i i 
opportunities) you | ips 
never knew you had. Of course, / 3 


| 
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nomatter what career you pick’ 
ity training and guaranteed hands. on experience 4 


in your area of choice or aptitude — — ~ 
| . Plusthe chance to continue your nicus as 


you build a career You can pick up college 

credits or even a degree in the fully-accredi ted 

Community College of the Air Force. - | 
90 whatever your dreams are, if you want, | 7. 

to get them off the ground, call nthe, 

1-800-423-USAF hh fe 
It could be one of the more uplifting , Ns 

things you ever do. AIM HIGH. / 
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COVER STORY m 


The next 


The Anglo-French Concorde 
was an environmental and 
financial failure. Two different 
designs are seen as possible 
successors: a more-conventional 


Î Concrete 
у оп 
ds 


It's 100 times more 
flexible and four 
times stronger than 
ordinary concrete. 
In earthquake 
zones, it could give 
buildings the ability 
to bend, not break. 


delta wing SST and a radical no- 
fuselage, no-tail flying wing. 


Gilbert who? 


History says "Ted" Hoff Jr. invented 
the microprocessor. But the U.S. Pa- 
tent Office says Gilbert Hyatt was 
the first to file a patent application. 
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lethal weapons 


Ten years ago, its weapons industry 
was a sham. But Iraq shopped the 
world's arms bazaar. Today its 
factories and labs produce poison- 
gas bombs, missiles, and tanks. 


New solar cells 

e © | 
win in Australia 
In the 1990 World Solar Challenge, 
the Engineering School of Biel, 
Switzerland, bested the favorite, 
Honda, using a highly efficient 
monocrystalline solar-cell array. 
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efore joining this maga- 
zine, I envisioned the 
staff commuting to work 
with the aid of strap-on jet 
packs, keeping their coffee 
mugs warm with desk-top solar 
arrays, and otherwise engaged 
with the esoterica of their high- 
tech world. As it turns out, the 
editors of POPULAR SCIENCE are 
mostly occupied with the basic 
tools and techniques of modern 
journalism: making telephone 
calls, tape-recording interviews, 
and writing on personal com- 
puters. Most of the time, that is. 
Not too long ago, an odd-look- 
ing, surfboard-shaped model 
airplane floated gently into my 
office. Out in the corridor, 
where it had been launched by 
Associate Editor Stuart F. Brown, 
there was a lively discussion on aero- 
dynamics. This month's cover story 
was taking shape. 

Brown and his balsa-wood flyer had 
recently returned from an interview in 
California with Robert T. Jones, a world 
renowned aerodynamicist. Jones's idea 


| foran oblique flying wing is not without 


a respectable body of support as the 
aerospace community once again takes 


up the challenge of designing the next 


| generation of supersonic airliners. 


Joness design is a radical departure 
from the mainstream, where most de- 
signers call for a super-son of the Con- 


corde: a bigger, faster, longer-range del- | 


| ta wing aircraft. In fact, the pivotal 


point in our ability to fly transoceanic 
distances in half the current time has 
little to do with wing or body design. 
Contributor J. T. Johnson reports that 
figuring a way to build an environmen- 
tally safe SST is the keystone problem, 
one which has plagued further develop- 


| ment of SST aircraft for the last 20 


years. The major obstacle is eliminating | 


nitrogen oxide emissions from aircraft 
that would fly in the stratosphere, emis- 
sions that pose a threat to the ozone lev- 
el. NASA scientists set a year-end dead- 
line to at least find a theoretical answer. 
i Hyatt meant virtually nothing 

' in the computer world. Here was 
one more electronics engineer whose 
career seemed little more than a check- 
ered string of unspectacular successes 


and insignificant failures. Now, thanks 
to the patent award that gives Hyatt 


ntil last summer, the name Gil 
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From The Editor 
B 


Associate Editor Stuart F. Brown: sky surfer? 


claim to the invention of the micropro- 
cessor, Hyatt is center stage in a con- 
troversy that may rewrite electronics 
history. Who is this inventor, what was 
his role in the development of one of 
the most important technologies of our 
time—and where has he been all these 
years? Author Michael Antonoff re- 
ports that even if Hyatt is not a genius 
in electronics, he has been wielding a 
fast and potent copying machine. And 
now the world's electronics giants have 
no choice but to contend with him. 


he massing of armies in the 
Middle East last fall got us won- 


dering what kind of military tech- 
nology Iraq possessed to counter the 


world-class armaments of the United | 


States. We found, however, something 
more disturbing than a catalog of 
weapons comprised of chemical and bi- 
ological poisons, a potent missile fleet, 


| and a modern armored tank force. In 


fact, Iraq has been unusually skillful 
in parlaying to its advantage a bur- 
geoning international market of wea- 
pons as commodities. Furthermore, 
over the last decade, Iraqi President 
Saddam Hussein has done more than 
simply buy modern military might. In 
“Iraq's Most Lethal Weapons," author 
Robert Windrem provides an inside 
look at a sophisticated military ma- 
chine—and the frightening story of 
how it came to be. 
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The people who invented the original minivan in 1984 are now very proud to introduce the и 
minivan: The new 1991 Plymouth Voyager. With safety features like available four-wheel anti-lock 
brakes. Available all-wheel drive. And standard 3-point rear shoulder restraints* Voyager also features 
contemporary aerodynamic styling. Plus a totally redesigned interior. Available V-6 engines. All back 


ACCEPT NO 


ay our 7 year or 70,000 mile limited powertrain warrantyt E 

And with better resale value than any other minivan. So Ё х Advantage: Plumouth 
zall 1-800-PLYMOUTH for purchasing or leasing information. Or visit your local Chrysler- Plymouth 
lealer today. Because theres no substitute for actually driving the new 1991 Plymouth Voyager. 


Plymouth Voyager 


“Outboard seats. f Protects engine, powertrain and covers outerbody rust-through. See limited warranty at dealer 
Restrictions ied ip rint e p for safety! © Plymouth/Chrysler Motors, 1990 


Duplicating DATs 


| I question the copy-protection scheme 


on the digital audio tape players for 


| sale in the United States [“Finally! 


DAT for Your Home," Nov. '90]. The 
author tried to bypass the Serial Copy 
Management System to duplicate 
first-generation tapes, but that's what 
the mechanism is meant to stop. 
There is no foolproof way to block du- 
plication of second-generation DAT 
recorded materials. The recording in- 
dustry should stop being so greedy. 
The companies can make their money 
by producing recording tapes for DAT 
machines. 

William K. Smith, Craigsville, Va. 


Pixel problems 


In *Science Newsfront" [Dec. '90], you 
compare the 32-million-pixel comput- 
er map of the world with a standard 
TV screen. While I'm sure the com- 
puter you describe has more pixels 


than a TV, I think your low, 10,000- 


pixel figure does commercial televi- 
sion an injustice. 
Noel Nyman, Seattle, Wash. 


A standard TV image has more than 
200,000 pixels in each frame. Image 
analysts at the Environmental Re- 
search Institute of Michigan (ERIM) 
have assembled maps that are more 
detailed, but cover smaller geographi- 
cal areas, than the world map created 
by artist Tom Van Sant and comput- 


er specialist Lloyd Van Warren. Each 


of the 32 million colored dots (pixels) | 
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Readers Talk Back 


in the world map represents 16 square 
kilometers of Earth's surface, but ana- 
lysts at ERIM have created an image 
of North America composed of 81 mil- 


lion pixels, each representing one | 


square kilometer—Dawn Stover 


Two-story typing 
Your August 1990 “What’s New” 


contained a photo of a two-story com- 


puter that brings to mind the giant 
Underwood typewriter. It was first 
displayed in 1915 at the Panama Pa- 
cific exposition in San Francisco. The 
big clatter box was 21 feet wide, 15 
feet high, and weighed 28,000 pounds 
—and it worked too! 
Darryl Rehr 
Early Typewriter Collectors Association 
Los Angeles, Calif. 


Correction: A latent-heat-storage 


system for automobile engines, cited 
as a Volkswagen project in the “Best 
of What's New" [Dec. '90], was devel- 
oped for Volkswagen by Schatz Ther- 
mo Engineering. Dr. Oskar Schatz, 
president of the Munich-based con- 
sulting firm, says the device is now 
being geared for production and may 


appear on selected models in the | 


1992 model year. Because the heat- 
storage canister enables the car's en- 
gine to be fully warmed before start- 
ing, it may be important to meeting 
future exhaust regulations. 


Address letters to Readers Talk Back, POPULAR SCIENCE, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-779-5468. Letters may be edited for space and clarity. 
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Now, from the originators of m A Complete Family op ae = ier gpa Poa 
mulching mower technology, — / \ Of Bolens One-Step ing Advantage for yoursell...call tor your 


$o3 : | FREE Catalog TODAY! 
a completely new generation Ld i e 
of Bolens One-Step Mulching V Mulching Mowers. 


Mowers including... NO ч Now you can choose from CALL TOLL-FREE 


ily of Bolens 1-800-776-2900 
America’s Only Lawn jee thas Mews " йй aii re 
Tractor With One-Step GRS anine the origins and si o | 
hi "Mel America's #1 selling walk-behind 

Mulching Capability: mulching mower. With a dedicated 

Bolens 199] Lawn Tractor line-up mulching mower deck, it’s by far 
features a revolutionary new One-Step the best performing mulching 
Mulching System. It’s an innovative mower available. 
attachment that lets you mow, fertilize... 
and practically eliminate grass clippings 
in one easy step. No bagging...no raking... 
no clean-up PERIOD! 

Plus... With new GRS (Grass Reduc- 
tion System) technology our unique 
mulching deck cuts and recuts grass 
clippings so finely they're easily returned 
to your soil as FREE fertilizer! 


+ 


Bales 102045: & 9th Ауе, Troy, NY 12180 | 
YES! Please rush complete details on the whole | 
family of Bolens One-Step Mulching Mowers... 
including the revolutionary GRS Mulching 

attachment... TODAY! A3175 372 
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WHATS 


EDITED BY MARCELLE M. SOVIERO AND JUDITH ANNE YEAPLE 


The LaserScope, Konami Inc.'s 
newest accessory for Nintendo video 
games, lets you keep both hands on 

the game controls as you activate 

“fire” with voice commands, 

| Switching to the “turbo fire" mode 
increases your ammunition to five 
rounds per shot from one. When 

you're finished playing, the $40 

Loser Scope converts to stereo heod- 
phones. Konami Inc., 900 Deerfield 
Pkwy., Buffalo Grove, Ill. 60089. 


COUPE DE 
LEGEND 


A sporty two-door encore to 
Acura’s all-new Legend sedan 
debuts this month, fitted with 
the same 200-hp V6 as the | 
The Watchman light bulb gives sedan, but packaged into a 
notice before it quits: The 90-wott three-inch shorter wheelbase. . 
bulb has a 20-watt backup filament The price for the coupe starts at 
that burns for about a week after about $30,000. 


the primary filament burns out. The 
bulb fits most standard indoor and 
outdoor light sockets and costs less 
эе Philips Lighting Co., 200 
Franklin Square Dr., Box 6800, | 
Felix, a compact pointing device for Macintosh Il and SE computers, offers an 
alternative to a mouse or track ball. Using your fingertips instead of your whole 
hand, you move and point the $169 device within a one-inch square that sits on 
a 5'/einch-square base. Altra Corp., 1200 Skyline Dr., Laramie, Wyo. 82070. 
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|. AnrY- 
OF FICE 
TouchFax Information Sys- 
tems communications ter- 
minal gives you touch-screen 
| access to a fax machine, 
—— word processor, 
B photocopier, informo- 
| | 3 tion data base, lap- 
| top printer, and 
phone. Look for 
credit-card-operated 
units in public areas 
across the country 
by 1992, 


STUART Е BROWN 


REST YOUR WRIST 


Holding a motorcycle’s throttle open for hours can make your wrist weary. 
Instead, slip the $9 Cramp Buster onto the twist grip, and the weight of your 
hand on its plastic bar rotates and holds the throttle effortlessly. Rykel Industries, 
Box 1626, Grants Pass, Ore. 9/576. 


ELEGANT 
ANSWERER 
AT&T's tapeless answering 
machines vertical design takes up 
iust 10 square inches of desk 
space, but stores seven minutes of 


messages on its electronic memory 
chip. The model 1337 costs $140. 


Е KODAK 
| Gre АЖ å Ди; 
MENT CENTER 


WALKING 
ON AIR 


Nike says the Air 180 is its most 
shock-absorbing shoe yet. A sizable 
gas-filled pouch in the heel of the 
shoe retains cushioning ability after 
continued wear because the gas 
molecules are larger than those of 


the a clear urethane bag, | CROP, ZOOM, BOOM 


thus preventing leaks. Price: $120. 


Making your own customxenlarged photos can be as easy as using a cash 
machine. Kodak’s Create-a-Print walk-up photo-enlargement center lets you zoom, 
crop, and frame images from any 35mm color negative. Instructions and the 
changes mode are shown on a color video display. Once you've cropped the 
image, press the print button for a 5x7, 8x10, or 11x14 enlorgement. 
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AKE-ALONG 


Philip's personal color television fits 
in your palm and weighs just 17.6 
ounces. Open it up, and the bottom 
of the lid slides forward easel-style 
so you can tilt the three-inch LCD 
screen to a comfortable viewing 
angle. Designed and manufactured 
by Marantz Japan Inc., the battery- 
operated 3LC3000 costs $396. 


WHERE'S. 
THE HEAT? 


More accurate than an oral 

thermometer, the battery-operated 
Thermoscan Pro-1 Instant | 
Thermometer measures infrared | 
heat in the ear canal. The small, 
comfortable probe works in less 

than two seconds. The maker, 
Thermoscan Inc. in San Diego, 

plans о home version later this 

year for about $100. 


PICKUP ARTIST 

You won't sacrifice space or musical variety with this five-disc CD player, part of 
Sansui's MC-3000 audio system. Measuring about 11 by 9 by 12 inches, the 
unit has a robot arm that picks up CDs one at a time from o disc-library spindle, 
puts them on the player, and later moves them to a storage spindle. 


Engine and drive move up front in 
Volkswagen's Coravelle, based on 
the VW Passat platform with an all 
independent suspension. The low 
coefficient of drag for the slope- 
nosed boxy body and the five- 
cylinder 1 50-hp engine give the 
vehicle a top speed of 100 mph. 
Released in Europe, Caravelle seats 
up to 12 passengers. 


Soe 

The experimental X-31 fighter will 
soon attempt post-stall flight—o 
controlled, nearly vertical evasive 
maneuver that, if successful, will 
give it an edge over conventional 
fighters. [^X-31: A Radical New 
Way to Fly," Feb. '89]. 


TEST-BED 
TRUCK 

Navistar engineers equipped the In- 
ternational Design and Engineering 
Assessment (IDEA) truck with ABS, 
electrical-system diagnostic copo- 
bilities, and electronically controlled 
heated rear-view mirrors. Inside the 
cab, adjustable seats have thigh 
extensions for comfort. Designers 
built the prototype to study new 
features under working conditions. 


OPEN 
SESAME 


Until now, electronic gate openers 
for home use were costly and 
difficult to install. But at $500, the 
Mighty Mule is less than half the 
price of other gate openers and can 
be set up with ordinary tools in 

| about an hour, says GTO, Inc. (738 
Capital Circle, N.W., Tallahassee, 
Fla. 32304). An optional digital 
key pad lets you set and change 
security codes. 
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Д COLORFUL VIEW 


Although camcorders record in color, they usually display the image through the 
viewfinder in black and white. Sharp's VL-L285U camcorder lets you check color 
quality and contrast as you're filming, using its one-inch LCD color viewfinder. 
(The photos, left, simulate the two displays.) A more advanced model, the VL- 
L4100U, includes an ultra-fast zoom lens that enables you to enlarge your 
subject by 50 percent in 0.2 second. 


Attach the Wacky Vac to your hand- 
held or regular vacuum, and you 
can really make a clean sweep. 
The attachment's 25 suction pipes 
with soft filament brushes enable 
you to clean those previously hard- 
to-clean spots—ike drawers, lamp 
shades, bookshelves, and key- 
boards. Price: $7 to S10. Ideaworks, 
74-940 Hwy. 111, Suite 121, 
Indion Wells, Calif. 92210. 


UNDERSTANDABLY. THE 


The totally new 1991 four-door Regal. 


Stylish and sophisticated, Regal Sedan comes with an impressive list of standard features 
like air conditioning, four-wheel power disc brakes and four-wheel independent 
DynaRide suspension. The list of available features is equally impressive, including: 

© Dual ComforTemp climate control & Compact disc player with Concert Sound 
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TRACTION 
ACTION 


Michelin's MXT tire, an upgrade of 
Europe's popular low-profile MXL, 
has more tread groove area for 

, improved braking and provides 
increased traction on dry roads, 
о lower noise level, and o 
smoother ride, says Michelin 
(46 ave. de Breteuil, 75341 
Paris, France). 


Go FIGURE 


Play Go, the 4,000-year-old Asian 
game of strategy, with this pocket- 
size computer version, Nemesis Igo 
Dojo. The battery-powered unit, 
your opponent, has three levels of 
difficulty, and, if you ask, offers 
hints and tactics. More-difficult 
upgrades are optional. Toyogo, 
Inc., Box F, Kaneohe, Hawaii 
96744. Price: 51,000. 


ANY-NUT 
WRENCH 
Snap the Grappler onto a standard 
‘inch ratchet drive for a socket 
wrench that fits holt sizes from 

to “^а inch. Its socket is deeper than 
other wrenches to accommodate 
long bolts. TK Products Co., 18550 
Woodhaven Dr., Colorado Springs, 
Colo. 80908. Price: $18. 


FILE AWAY 


Quick-Sharp’s file quide gives like- 
new sharpness to '/« and “sinch 
pitch chain saws. The inventor 
Claims it’s easier to use than most 
files because it supports the chain 
laterally. Quick-Sharp, 12 Reservoir 
Rd., Clinton, Conn. 06413: S5. 


AEROSPACE 
UPDATE 


A team of contractors and govern- 
ment experts chose this sleek twin- 
tailed lifting body design for the 
National Aero-Space Plane. Although 
the craft would take off and land 
like a conventional plane, it would 
fly at speeds approaching Mach 25 
to boost itself into space. To do this, 
the NASP may need as many as 
five scramjet engines, plus a 
70,000-pound-thrust rocket. Flight 
tests could begin as early as 1997. 
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ROADSTER 

The Virage Volante's 5.34iter 330-hp 
fourvalve-per-cylinder V8 propels the 
4,224-pound roadster to 60 mph in 
6.5 seconds, claims Aston Martin. 
The hydraulically powered softtop 
features a heated-glass rear window 
and rol-down glass side windows for 
coupe-style visibility when the top is 
up. The company plans fo make 
three per week by 1995, at 
$285,000 per copy. 


BETTER 
BRAKES 


Hydro-Stop, a closed, hydraulic rim 
brake system for bicycles, reduces 
brake friction and delivers up to 30 
percent greater compression power 
than conventional cable brakes, says 
its manufacturer. Gustav Magenwirth 
GmbH, Postfach 1180, 7432 Bad 
Urach 1, Germany. 
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SPACE- 
SAVING 
HEATER 


The Arvin Wall Hugger electric heater 
plugs directly into a standard 120- 
volt grounded wall outlet, making it 
safer than free-standing units be- 
cause it can't be tipped or tripped 


over. Its 6.5-by-7.5-inch size adds up 


to space savings and easy mobility. 
A cooling fan, safety night light, and 
triple overheat protection are stan- 
dard. ArvinAir Inc., 500 S. 15th St., 
Phoenix, Ariz. 85034. Price: $40. 


POWER TENNIS, ANYONE? 


Vibration control goes high-tech with Stringset Jet-Springs, semi-elliptical springs 
that slip onto the base of a racket's vertical strings. According to the manufactur- 
er, the springs maintain string tension and increase elasticity to lengthen ball con- 
tact time for greater drive power. Weight: about 0.7 ounce. Tooling Promotion 
AB, Vasaplatsen 1, 411 26 Gothenburg, Sweden. 
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CLEANUP 


A single sheet of die-cut plastic 
bends and locks to form the Bag 


Compaq's LTE 386s/20 notebook 
computer weighs 7.5 pounds and 
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Hog garbage can. The sheet flattens has a nineinch diagonal “edgelit” 
for convenient storage. Form Farm display for easier viewing. Its Desk- 
Yamaha's WaveRunner VXR, о 50-hp oiFinjection water bike, takes two passen- Inc., 45 W. 18th St., New York, top Expansion Bose has room for 
gers on a 38-mph ride. The V-shaped hull gives riders better control, more-precise N.Y. 10011. Prices: $11 (18 inch) two massstorage devices and stan- 
turning capability, and a comfortable ride even in choppy waters, claims Yamaha. and $13 (24 inch). dard expansion boards, plus on 
The 7.9-gallon fuel tank maximizes ride time. Yamaha Motor Corp., 6555 easy connection to an external mon- 
Kotella Ave., Cypress, Calif. 90630. Price: $5,099. itor. Price: $6,499. 


Nicknamed the Rainfall Project, this 
25-foot-tall shower of falling water 
is computer programmed to form 
— wa = c words and shapes. (Here it spells 
| T — AN, NES алын» e the word "fun.") Five IBM PCs con- 
| trol 2,300 nozzles for this display, 
but even more nozzles can be used. 
The patented system was created 
by Stephen Pevnick, an associate 
professor of art at the University of 
Wisconsin in Milwaukee. 


OCEAN AID 


Magellan's updated GPS receiver 
calculates your boat's latitude and 
longitude every 2'/ seconds. The 
NAV 1000 PLUS'S route key helps 
you navigate through 10 legs of a 
voyage. Price: $2,695. 


JOHN PEART 


na ж 


| 18 • POPULAR SCIENCE FEBRUARY 1991 


EE ee 


FAN-TASTIC 
The Cyclone oscillating fan's soft 
plastic blades are finger-safe. The 
scooped blades deliver 50 percent 
more air than conventional fans of 
the same size, and the absence of a 
grille facilitates airflow, says Caframo 
(Box 70, Wiarton, Ont., NOH 270, 
Canada). A rubber gear system re- 
duces noise levels. Price: about $35. 
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No matter where you are, you won't be at a loss for words if you have the 
Hexaglot T-1500. The talking translator uses a digitized human voice compressed 
onto ROM to pronounce phrases in English, Japanese, Spanish, German, Italian, 
and French. It also stores addresses, phone numbers, and appointments. 
Hexaglot, Box 521603, Miami, Fla. 33152-1603; $250. 


BUOYANCY 
BOAT BAGS 
Helium-infloted bags can keep 
crippled boats upright and afloat, 
claim the makers of SEABASS 
(Ships Emergency Automatic Buoy- 
ancy and Stability System). Stored 
behind slim panels, the bags inflate 
when the system senses flooding or 
а sharp angle of incline. Seabass 
Ltd., 29a Station Rd., New Milton, 
Hampshire BH25 6HR, England. 
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This wedge-shaped locker stores a bicy- | | ШЇ | | J 


cle upright to save space, at the same 

time protecting it from weather, van- 4 

dalism, and theft. The геог wheel, rolled onto a steel channel, carries ће weight 
of the bike, while a supporting hook holds the front wheel. Three shelters con fit 
into a vacant corner and six can fit against a ninefooHong wall. Bikeshell, The 
Gatehouse, 7 Grange Walk, London SE] 3DT, England. 


GIRALDI STUDIOS 


Headcoach, a new football helmet, — | 
lets coaches get inside players' | 
heads, literally, using a miniature 
receiver, amplifier, and earphone. 
No wires or antenna are visible on 
the outside of the $495 helmet. 
The Spy Shop, 164 Christopher St., 
New York, N.Y. 10014. 
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You've got the potential. But it'll take confidence: 
initiative and self-discipline to really bring it out. 

Army ROTC is a college elective that'll help your 
develop those leadership skills, for success in college: 
and in the military or civilian world beyond. 

Class time is about 2 to 4 hours per week. And in most 
cases, you're under no obligation until junior year.. 

Shouldn't you find out more about ROTC? Call 1-800( 
USA-ROTC. Or contact your local University Professor 
of Military Science. It's your move. 


Science Newsfront 


By DAWN STOVER with Vernon M. Church, Arthur Fisher, Richard A. Marini, and Marcelle M. Soviero 


These two honeybees look virtually identical, even to an entomologist. But the one on the left is an Africanized “killer” bee. 


| Bees cross the border 


| “Killer” bees that escaped from a 


Brazilian breeding experiment in 
1957 and have been making their way 
north at a rate of about 200 miles a 
year recently crossed the Rio Grande 
and entered the United States. 

The Africanized bees, which have 
killed at least 16 people in the past 
three years, according to Mexican offi- 


cials, look identical to domestic honey- | 


bees. Their venom is no more poi- 
sonous than that of the European 


| bees, but they are much more aggres- 


| sive in defending their hives: They re- 


act to intruders more quickly than do- 
mestic bees and attack in huge swarms. 

A new device called a “temper test- 
er" will help beekeepers determine 
whether their hives harbor any “kill- 
er” colonies. Developed by Dr. Hay- 
ward G. Spangler and Dr. Eric H. Er- 
ickson, entomologists at the U.S. 
Department of Agriculture’s Carl 
Hayden Bee Research Center in Tuc- 
son, Ariz., the temper tester is a cylin- 
drical plastic target containing a sen- 


| sor that records the number of times 
| attacking bees “hit” the target during 


а set period. Spangler and Erickson 


have recorded up to 24 hits per sec- 
ond from colonies of Africanized bees, 
while domestic bees typically are less 


ornery, administering a maximum of | 


four hits per second. 

When the killer bees buzzed into 
Texas recently, they provoked a bit of 
buzzing among entomologists too, who 
disagree over just how dangerous the 
bees are. “There is a threat, but it’s 
hard to say how extensive it will be. A 
lot depends on how far they come into 
the United States and how mean they 
get," says Spangler. 

At least one entomologist doesn't 
share the public’s pessimism about 
the bees and is disappointed that the 
U.S.D.A. destroyed the first colony of 
Africanized bees discovered in the 
United States. “When they killed the 


bees, they destroyed valuable scientif- | 


ic data,” says Dr. Roger A. Morse, a 
professor of entomology at Cornell 
University. “You can’t learn anything 
from a dead bee. 

“Tm not saying these bees are kit- 
tens, but they can be worked with," 
Morse contends. “Beekeepers will ad- 
just." In Brazil, beekeepers daze their 
tiny charges using "smokers" that are 
much larger than the smoke-produc- 
ing machines used by U.S. beekeepers. 

Morse praises the Africanized bees' 


efficiency at honey production in | 


warm areas and their resistance to a 
mite that has long infested domestic 
bees—with serious consequences for 


beekeepers. "We find this mite in ev- 
ery colony of honeybees in Brazil, and 
it’s not a problem. Here it's a prob- 
lem," says Morse. The mites afflicting 
domestic bees have to be controlled 
with chemicals. 

One possibility, says Morse, may be 
to produce hybrid bees that have the 
desirable attributes of Africanized 
bees and the more mellow disposition 
of domestic bees. 


No fifth force found 


There are four so-called fundamental 
forces of nature: electromagnetism; 
the strong nuclear force that holds 
atomic nuclei together; the weak force 
responsible for radioactive decay; and 


gravity, which holds the stars and | 


planets in their courses. 

For several years, however, some 
physicists have proposed the exis- 
tence of a previously undetected fifth 
force, a non-Newtonian component of 
gravity that is much weaker and oper- 
ates only over distances of a few 
miles, rather than gravity's infinite 
range [“ SNF,” April '86]. 

The latest in a series of experiments 


to test this idea has now concluded. | 
Result: no evidence for a fifth force. | 


The experiment was carried out by a 


team working with James E. Faller at | 
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**Best-Built" claim based on an average of consumer-reported problems in a series of surveys of all '81-'90 models designed and built in North America. 
Sales by Division. — **Retail Deliveries by Division, 1990 vs. 1989. 
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It's no wonder Ranger owners 


always feel so comfortable. They drive 
a solid value. And Ford is determined to 


“=~ make it a lasting value. 


Ford Trucks. 
The Best 
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Never Rest. 


= 
SS da ee fur 7. 


I E TIT аша ча жо йш Tics ft: = ECE =й ч 


| People who build Rangers never 
Ё forget that people who drive Rangers 
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just won't tolerate imprecise sheetmetal 


| fits, blemishes in the paint finish- 
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unsatisfactory workmanship of any kind. 
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And even though Ford is already the 
best-built line of American trucks; we 
never stop asking: Can we build them 
tougher? Could a fit be even thousandths 
of an inch tighter? 

Because we never rest, Ranger's sales 
lead over the competition just keeps 


growing wider?* 


ant 


| Е = | THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS 
Buckle up-together we can save lives. ARE BUILT FORD TOUGH. 


Science Newsfront _ 


the Joint Institute for Laboratory As- 
trophysics in Boulder, Colo. Over a 
| two-month period, the researchers 
carefully measured the gravitational 
force at eight different heights along a 


1,000-foot meteorological tower in 


Erie, Colo. The measurements were 
then compared with values predicted 
by Newton’s law of gravity, which 
states that the force varies inversely 


with the square of the distance be- | 


tween two objects. 

“We found superb agreement be- 
tween the measured values and the 
Newtonian predicted values,” Faller 


said. “Newton has been vindicated on | 


the plains of Colorado.” 


Iceberg surveillance 


A team of scientists has successfully 
tracked a giant iceberg from its calv- 
ing, or birth, in the Ross Sea to its 
breakup off the coast of Antarctica. The 
movements of the iceberg provided de- 
tailed information about ocean cur- 
rents and may help climatologists 
learn how much ice is reaching the 
oceans and if sea level will rise or fall. 

The team, made up of scientists 
from the Department of Conservation 
in New Zealand, Columbia Universi- 
tys Lamont-Doherty Geological Ob- 
servatory, and the Navy/National Oce- 
anic and Atmospheric Administration 
Joint Ice Center in Washington, D.C., 
tracked the 96-by-22-mile iceberg— 
roughly the size of Long Island—for 
three years using both weather satel- 
lites and a radio transmitter that was 
dropped on the ice from a plane. 

The iceberg, designated B-9 by sci- 
entists, broke off the Ross Ice Shelf in 
October 1987, eliminating the Bay of 
Whales and forcing scientists to re- 
draw maps of the coastline. B-9 was 
unique because of its large size (scien- 
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tists estimated it contained enough ice 
to give each person on Earth two 
glasses of water a day for 1,977 years) 
and distinctive features. The shape 
“enabled us not only to follow it by po- 
sition, but to follow it by orientation,” 
says Stan Jacobs, a senior staff associ- 
ate at Lamont-Doherty. “We could see 
how it rotated with time.” 

By watching how and where B-9 
moved, Jacobs and his colleagues 
were able to observe the speed and di- 
rection of ocean currents over an ex- 
tended period. Previously, water move- 
ments in and around the Ross Sea had 
to be inferred from temperature and 
salinity measurements. 

Calving events, like the one that 
produced the B-9 iceberg, may also be 
important in determining how much 
ice reaches the sea. Scientists have 
theorized that the ice shelves extend- 
ing over the water dam the flow of 
ice from glaciers on the continent. If 
the ice shelves shrink or disappear, 
the ice that is now covering the land 
on Antarctica might move more rapid- 
ly into the oceans, causing sea level 
to rise all over the world. 
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` Liquid will be ex- 
= tracted from the gels 
inside these glass 
vials to create three 


Organic aerogels 


Chemists at Lawrence Livermore Na- | 
tional Laboratory in California have | 
developed three organic aerogels that 
may have even more desirable proper- | 
ties than the silica aerogels that have 
attracted widespread attention in re- 
cent years. Silica aerogels, which are 
mostly air, are excellent insulators. 
Scientists have proposed using them 
not only in windows and refrigerators, 
but also to trap cosmic dust in space 
[^SNF," June '90]. 

While silica aerogels are made from 
silicon dioxide (sand), the new aero- 
gels are mainly composed of carbon 
and hydrogen atoms. “We looked at 
the silica aerogel chemistry, and we 
asked ourselves: ‘Can we do this with 
organic chemistry?’” recalls polymer 
chemist Rick Pekala, the inventor of 
the new aerogels. “Our conclusion | 
was: ‘Yes, we can.” 

Like silica aerogels, the organic ver- 
sions are extremely lightweight. | 
Pekala and his colleagues have pro- 
duced resorcinol-formaldehyde and 
carbon aerogels that are 98 percent 


The B-9 iceberg drifted 
northward, then turned 
back toward land in 
May 1988 and crashed 
into the coast a few 
months later. During 
the winter and spring, 
the current spun B-9 
dockwise. It reached 
the continental shelf in 
a powerful current car- 
ried it to Cape Adare, 
where it broke into 
three pieces in August 
1989. A year later, the 
pieces floated near a 
Soviet research station. 
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air, and melamine-formaldehyde aero- 
gels that are 92 percent air. Because 
they are riddled with tiny pores, the 
aerogels have immense surface areas. 
One gram can have as much as 1,000 
square meters of surface area—about 
the size of two basketball courts. 

In theory, the melamine-formalde- 


hyde aerogel could have three or four - 


times the insulating capability of sili- 
ca aerogels, Pekala claims. He also 
says the carbon aerogel appears to be 
about twice as stiff as silica materials 
of the same density. 

Chemist Blanca Haendler and other 
researchers at Lawrence Livermore 
are investigating methods for lower- 
ing the density of the carbon aerogel. 
They would like to use the material 
to support target particles that are 
blasted with laser beams during fu- 
sion experiments. 


Cotton in a vat 


Researchers led by biologist J. R. 


. Goodin, dean of the College of Arts 


| and Sciences at Texas Tech Universi- 


ty, have developed a way to grow cot- 
ton fibers from any individual cotton 
cell, without the other parts of the 
plant. Cells from the leaves, stems, 


roots, or fruit are first grown in a se- | 


mi-solid agar of nutrients and hor- 


mones until they form an undifferen- | 


tiated, tumorlike mass called a callus. 
A piece of the callus is then placed in a 


liquid-suspension culture—containing | | 
a complex mixture of raw sugar, min- | 


eral salts, and hormones—where the 


cells elongate and form fibers. So far, | 


Goodin's test fibers grow too thick be- 
fore reaching full maturity—a prob- 


lem he hopes to overcome by experi- | 


menting with the growth medium. 


Cotton grown in a lab instead of a | | 


field is good news for hospitals and 
scientists, bad news for counterfeiters. 

Grown in a sterile medium, the cot- 
ton could be made directly into gauzes 
and bandages for hospitals and medi- 
cal offices. Currency made from lab- 
grown cotton paper promises to 
thwart counterfeiters, who would be 
unable to reproduce the easily identi- 
fiable fibers. And the new cotton may 
even revolutionize the textile indus- 
try, where uniformity in fiber length 
and thickness is an important factor 
in fabric strength. 

Instead of growing a complete plant 
from a single cell—a technique com- 
mon in genetic engineering—Goodin 
has found a way to grow a specific 
part of the plant, the cotton fiber, from 
unspecialized cotton cells. Once per- 
fected, his technique may be applica- 
ble to other organisms. 


GETTING A LIFT FROM LINEAR MOTORS 


COUNTERWEIGHT 
FRAME 
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Nippon Otis Elevator Co., a partly owned subsidiary of Otis Elevator of the United States, 
has installed two unusual elevators—the first linear-motor elevators in the world—in the 
Tokyo area. One is in the company's employee dormitory; a window in the back wall of the 
cab allows employees to view their company's advanced technology. 

Like a conventional rope elevator, a linear-motor elevator has wire ropes running from 
the cab over sheaves at the top of the shaft to a counterweight. But a conventional eleva- 
tor is operated by a traction machine at the top of the shaft. In the new design, a tubular 
linear induction motor incorporated in the counterweight drives itself up and down the 
hoistway, lifting and lowering the cab as it goes. 

In this type of motor, the secondary member—analogous to the rotor of a rotary motor 
—is a solid iron column, wrapped with aluminum, that runs the length of the shaft. The pri- 
mary member—analogous to a stator—consists of meter-long iron bars arranged in a cir- 
cle and held together by tubular iron rings. The primary member fits around the secondary 
member like a sleeve. When an alternating current is applied to the motor's primary mem- 
ber, it generates a magnetic flux, inducing current flow on the surface of the secondary 
member. The flow of this current pulls the primary member along the column. 

Norihiko Fujisawa, a manager in the research division of Nippon Otis Elevator, says that 
eliminating the motor rooms needed for conventional rope and hydraulic elevators will 
mean lower installation costs. Also, with far fewer moving parts, linear-motor elevators will 
require less maintenance. Future versions of the elevator may do away with ropes entirely, 
simply incorporating the motor into the cab. “Technologically, it is possible now," Fujisawa 
says. "The problem is with building codes." —Dennis Normile | 
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Automotive Newsfront 


By DAN McCOSH with Norman S. Mayersohn and David Scott in London 


ELECTROMAGNETIC CLUTCH 


VARIABLE-RATIO PULLEYS 


| Hybrid-drive turbocharger 


Over the years, automotive engineers | 


have endlessly argued the relative 
pluses and minuses of exhaust-gas- 
driven turbochargers versus crank- 
shaft-driven superchargers, without 
much in the way of a resolution. But 
the recent marriage of two existing 
technologies—a variable-ratio trans- 
mission and a centrifugal compres- 
sor—promises to combine the benefits 
of turbochargers and positive-dis- 
placement mechanical superchargers 
while minimizing the drawbacks. 

The new induction-boosting system, 


The best of both worlds? ZF's design for a new 
supercharger mates the compressor half of a 
conventional turbo to a variable-ratio transmis- 
sion for a broad power range. 


gases, the power comes from the en- 
gine crankshaft, driving through a 
pair of adjustable-diameter pulleys 


| that shift the position of the drive belt 


15 a compressor 


developed by Germany's ZF AG, uses | 


the compressor half of a conventional 
turbocharger to provide pressurized 
air through an intercooler. But instead 
of spinning this turbo with hot exhaust 
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to vary the speed of the compressor, 
much the way a snowmobile trans- 
mission operates. Centrifugal arms 
vary the pulley ra- 

tio by moving the | 
split halves in and | 
out, starting at 
about 2.5:1 at idle, 
dropping to about 
0.75:1 at top en- 


gine rpm. 
The turbine 
wheel runs at 


about 15 times the 
pulley speed after 
being stepped up 
through a plane- | 
tary gear. The re- 
sult of this design 


that runs at a con- 
stant pressure, de- 
livering induction 
boost at very low 
engine speeds. 


RUSSELL VON SAUERS 


under serious consideration at Ponti- 
ac, where a 2.3-liter Quad Four using | 
the new system has been built up to 
produce some 230 horsepower with 
230 pound-feet of torque. On a closed | 
road course, a Grand Am equipped 
with the hybrid supercharging system 
demonstrated impressive power and 
low-end torque. Most notable was the 
solid feel of the throttle, with no arbi- 
trary power surges in corners coming 
from a lagging turbo. 

Pontiacs Tom Goad, who heads up | 
engine development work for the divi- 
sion, only smiles when asked about 
production possibilities, but says me- | 
chanical supercharging is becoming - 
an increasingly popular alternative to 
turbos. Reasons include the elimina- 
tion of exhaust back pressure and the 


| need for quick catalytic-converter 


warmup, which is hampered by an ex- 
haust-driven turbo. The ZF variable- | 
drive setup neatly sidesteps most of 
the possible negative points: It pro- 
duces an extremely flat torque curve | 
and is as compact as a turbocharger. 
Another option is an electromagnetic | 
clutch that lets it freewheel when not | 
needed, eliminating the parasitic drag | 
associated with most mechanically | 
driven systems. 


The second air bag 


The new-found enthusiasm for air 
bag-equipped cars has created a | 
stampede among auto companies in- 
tent on installing inflatable passive 
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The system is ment panel and then inflates rearward to protect the passenger. 


Why it takes legwork 
to flatten your stomac 


You can't reduce stomach 


| . 3 Я Adjustable Arm Tension 
fat by exercising abdominal Adjustable upper body exerciser works the major 
muscles alone. muscles of the abdomen, shoulders, back an 


Research has shown that exercises Ee E arms for maximum aerobic conditioning. 
that work only the abdominal region m 
are not effective. They simply don't 
involve enough muscle mass to burn 
the calories necessary to trim fat. 
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Instead of flattening they merely | Speedometer 

e : ' | A , displays elapsed 
strengthen underlying muscles, | б i » 2 workout time, 
providing no reduction in | L’ m 3 speed, and | 
girth, fatfolds, or total body pem e distance traveled 
К< at a glance. 


fat percentage. 


The exclusive 


NordicTrack? L. A 4 aa BET. 

— و‎ тт : E Monitor Aerobic Efficiency 
exerciser is the most a — Optional pulse meter provides digital 
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restraint systems across their com- 
plete model lines. General Motors 
will follow Chrysler's lead and offer 
driver's-side air bags as standard 
equipment in all of its American-built 
cars by the fall of 1995, a move that 
virtually ensures the inflatable cush- 
ion will become as common as a rear- 
view mirror. 

The next step: air bags as standard 
equipment for the front passenger. 
The design challenge for this feature 
is greater than it first appears, as pas- 
sengers have a wider range of possi- 
ble sizes and greater freedom of move- 
ment than drivers. Placement of the 
air bag is a problem too, sometimes 
requiring that the conventional glove 
box be sacrificed. 

Honda, a latecomer to the air-bag 
business, now says it will offer air 
bags for both sides in all Acura and 
Honda models in the United States 
by the fall of 1993. Honda's system, 
unveiled as an. available feature on 
the latest Acura Legend sedan, is in- 
novative because it bounces the bag 
off the windshield before it gets to the 
passenger. 

This vertical deployment not only 
allows the normal glove box to be re- 
tained, but also helps to direct the in- 
flated cushion to the proper location. 
To get an idea of the volume that the 


A concept vehicle that could be the inspi- 
| ration for a luxurious new minivan by Mer- 
cedes-Benz will be unveiled at this year's 
Detroit auto show. This illustration of the 
futuristic design reveals sliding doors on 
both sides and a central seating position 
for the driver. Built by the IDEA Institute of 
Turin, Italy, the show vehicle is rumored to 
have originated at the parent organization, 
Daimler-Benz, rather than in the automo- 
tive research and design studios. 

The concept offers considerable visual 
aid for the driver, including a video camera 
behind the rear spoiler to assist in backing 
up, an electronic navigation system, and 
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passenger-side air bag must fill, in 
the Legend the driver's-side bag has 


a volume of 60 liters while the pas- 


senger-side air bag occupies 150 
liters. This requires a larger inflater, 
of course, and more area in the in- 
strument panel for storage. In addi- 


tion, the new generation Legend 
coupes are fitted with tensioners on 


the front seat belts that automatical- 


ly reel in the belts about two inches 


in a frontal impact. 


Mercedes-Benz and Porsche offer 
dual air bags; GM will offer them in 
the Pontiac Bonneville in 1992. Ford 


has a passenger-side air bag as an 
option on the Lincoln Town Car and 
Continental, and will add it to the 
new Crown Victoria/Grand Marquis 
as well. Ford's passenger-side bag de- 


ploys above the glove compartment | 


from a horizontal opening in the in- 
strument panel. " 


Manifold destiny 


It's not quite the all-plastic engine, 
but it is a significant first: The new 
BMW 5251 24-valve six-cylinder is fit- 
ted with an injection-molded ther- 
moplastic intake manifold that's 50 
percent lighter than a comparable 
pressure-cast aluminum piece. Made 
of glass-fiber-reinforced nylon resin 


HANS LEHMANN 


— MAUS easy prc eei] 
variable-tint glass all around. A single front 
windshield wiper slides across the glass 
on rails, and the rear hatch is all glass. 

Instead of nagging the driver with bother- 
some reminders, this German minivan lis- 
tens and responds to the owner's voice to 
activate various functions. Four-wheel steer- 
ing and front-wheel drive—features that 
Mercedes has eschewed for its production 
sedans—are reportedly under considera- 
tion. The production van is expected to be 
based on the mid-size W124 chassis and 
powered by a 3.2-liter six-cylinder engine. 
Whisperings from Stuttgart, Germany, inti- 
mate a 1994 U.S. arrival.—D. M. 
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An intake manifold made of glass-reinforced 


| thermoplastic is used on BMW's 525i. ` 


developed by BASF, the manifold has 
been engineered to withstand the ef- 
fects of gasoline, oil, coolant, battery 


acid, and under-hood temperatures of | 


265 degrees F. 
Engine designers are welcoming 
the development because complex 


manifold shapes often present tricky | 


manufacturing problems. 

The five-pound intake manifold is 
molded around a metal core of tin-bis- 
muth alloy, which can be melted out 


| in a special liquid bath and poured 


away after the part is fabricated. The 
"lost metal" process is said to produce 
an extremely smooth inner finish, im- 
portant for good airflow. Also, the 
manifold runners require no further 
internal machine work. 

The new 24-valve in-line six of the 


5251 is a considerable upgrade over | 
the older 12-valve engine, with horse- 


power boosted to 189 (formerly 168). 
The 2.5-liter power plant is an out- 
growth of development for the four- 
cylinder engine of the 318 Series, 


sharing critical block dimensions for | 


streamlined manufacturing. The 
lightweight theme is carried further 
by hollow camshafts and a magne- 
sium cam cover. 


| Seven on the floor 
| For the handful of automotive enthusi- 


asts that secretly always wanted to 
drive an 18-wheeler in the mountains, 
Ford's rally group has developed a sev- 
en-speed manual gearbox for its ultra- 
high-performance four-wheel-drive 
Ford Sierra RS Cosworth rally car, 


| helping that vehicle to accelerate rapid- 
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Although Ford's new Escort for the Euro- 


| pean market shares almost no mechanical 


details with the U.S. Escort, a model sired 
by the Mazda 323 launched in December 
1988, it is a significant prod- 
uct for the Dearbom, Mich.- 
based auto maker. The pre- 
vious European Escort was 
Britain's top-selling car for the past eight 
years, when Ford plants in England, Ger- 
many, апа Spain built nearly five million of 
these mid-range hatchbacks; Ford certainly 
hopes for a repeat success with the re- 
placement model. The launch of the Escort 
hatchback and its sibling, the Orion sedan, 
is an extensive effort, representing six body 
styles, three engine families, and three dif- 
ferent transmissions. The broad model 
range is enhanced by a host of options, in- 


ly on nearly any type of road surface. 

The new MS90 gearbox starts with a 
“crawler” bottom gear to optimize trac- 
tion for slingshot starts and is also a 
boon in desert sand and deep mud. 
This is followed by six close ratios, top- 
ping out with a 1:1 gear. All the gears 
are straight cut, rather than helical, for 
additional strength and lower weight, 
and the synchronizers are replaced 
with a dog-tooth engagement system. 
The torque capacity is rated at a mas- 


| sive 370 lb.-ft. 


The result is fast, tough, and noisy. 


| Under development is a semi-automat- 


ic version using an electrically operated 
clutch controlled by a touch-sensitive 


| switch on the shift knob. A fully auto- 


matic version may follow, but there's 
little chance the unsynchronized gear- 
box will be installed in passenger cars. 
The thinking Citróen 


The confusion over just what consti- 


| tutes a true active suspension grows | 
with Citróen's introduction of a new | 


The Citröen Activa 2 expands hydraulic suspension duties to include active anti-roll control. - 


generation air-over-hydraulic suspen- 
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cluding electronic antilock brakes, power 
steering, an adjustable steering column, an 
alarm, air conditioning, and Ford's CTX 
stepless automatic transmission. 

The new Escort's wheel- 
base is five inches longer 
for increased legroom and 
improved ride; and the car 
is more aerodynamic than before. | drove 
different models on a 180-mile test route 
around Lake Geneva and in the French 
Alps and found the car comfortable, quiet, 
and unremarkable, with reasonable perfor- 
mance and easy handling. It's a pleasant 
A-to-B carriage, which is what the average 
motoring family wants, but the car falls 
short in terms of refinement and technical 
achievement when measured against its 
class competitors.—David Scott 


sion for the Activa 2 research proto- 
type. This “thinking” system com- 
bines the company’s traditional gas- 
over-oil spring arrangement with an 
electronic brain that automatically 
varies the spring rate and damping 
according to varying driving style and 
road conditions. 

Activa 2 goes two steps further. It 
has an electrohydraulic height control 
that maintains an essentially constant 


ride height, enabling the body to be 
lowered at high speeds to reduce wind 
drag. (Headlight aim is automatically 
adjusted to compensate for the body 


| movement.) When at rest, the car rais- 


es itself as the doors are opened to ease 
passenger entry and exit. _ 

There’s also active anti-roll control, 
which enables the car to corner flat re- 
gardless of the sharpness of the bend or 
the approach speed. Sensors report 
steering-wheel angle, speed of rotation, 


| and vehicle speed to an under-hood 


suspension-system computer, which di- 
rects the hydraulic components. 

Roll angle is controlled in two phas- 
es, initially by a rapid increase in roll 
stiffness. To accomplish this, the sys- 
tem’s computer selectively operates a 
solenoid valve that isolates an auxil- 
iary roll-control gas spring from the hy- 
draulic suspension system, causing it 
to stiffen. Meanwhile the actual roll an- 
gle is adjusted by hydraulic jacks that 
counter centrifugal force and are inte- 
grated with the height-control circuit to 
level the car’s body. 

The result is arguably a form of ac- 
tive suspension, but, according to Cit- 
róen, it never draws more than one hp 
in use. So-called full active suspen- 
sions, where hydraulics alone react to 
changes in chassis motion, are losing 


| favor among engineers struggling to 


make it work, as weight and fuel con- 
sumption present difficult technical 
problems. 


Puff, the magic dragon 


Recent experiments using methanol as 
an alternative fuel for city buses raise 
the possibility that more fires could re- 
sult, because the fuel is far more 
flammable than the diesel fuel it 
would replace. Also, the methanol 
flames are virtually invisible, making 
the firefighter’s job tougher. 

General Motors’ Hughes Aircraft di- 
vision is testing an ultra-fast fire-ex- 
tinguishing system for methanol-fu- 
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eled buses that originally was devel- 
oped to snuff out flames in military 
vehicles hit by enemy fire. The unit 
uses an infrared sensor that triggers a 
high-speed valve in the extinguisher 
bottle. The response rate is an incredi- 
ble seven milliseconds. 

The high-speed extinguisher is one 
of several technologies originally devel- 
oped for the military that is being 
adapted for civilian vehicles. Another 
spinoff: Sonar research developed to 
detect nuclear submarines now is be- 
ing used to detect variations in sound 


patterns for auto engines and machine | 


tools. It's an early-warning device that 
has an application in quality control. 


it’s show time 


The new year marks the opening of the 
| U.S. auto show circuit, which in recent 
| times has become more a showcase of 
new technology and concepts than of 
| simply the latest wrinkles in sheet- 
metal contours. 

Covering all the bases in terms of fu- 
ture fuel availability, Chrysler un- 
veiled the "Chrysler 300" concept car, 
a 126-inch wheelbase behemoth pow- 
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The Dodge Neon (top) uses a two-stroke engine; the Chrysler 500 concept car (above) gets the V10. 
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ered by an eight-liter V10 engine, still 
in development for a new series of 
heavy pickup trucks and also slated to 
power the Viper two-seat roadster. 
Like the Viper, the Chrysler 300 is a 
stark "driving machine," this time 
with four doors, that takes cues from 
fighter aircraft, notably a push-button 
ignition switch hidden behind a door 
that only opens with an identity card. 
At the other end of the spectrum, 
the Dodge Neon takes advantage of 
the small package size of a two-stroke 
engine to produce a 104-inch wheel- 
base car with some of the attributes of 


| a sedan, convertible, and station wag- 
| on. Features include removable reclin- 


ing front seats and a slide-out package 


| tray that's an an alternative to the 


trunk. Environmental concerns are 


addressed too, with the use of wheels | 


made of recycled aluminum and plas- 
tic interior panels coded to ease recy- 
cling. The product design group may 
have gone a bit too "green" with one 
feature though—a manual on-board 
trash compactor. 

The Neon's direct-injection external- 
breathing two-stroke engine produces 
about 100 hp from 1.1 liters. The Neon 


strongly hints that the long-awaited 
Liberty project, an internal develop- 
ment program that is expected to pro- 
duce a new economy car for Chrysler, 
is soon to bear fruit. 


Pushing pedal standards 


The Texas Transportation Institute 
has just finished a study that indi- 
cates that variations in clutch, brake, 
and accelerator pedal placement can 
cause an increase in reaction time and 
errors in which pedal is used. The | 
study was prompted by the investiga- 
tions into “sudden acceleration" cases 


in which pedal placement was deter- 


mined to be part of the cause. The rec- 
ommendation is for larger pedals, 
more widely spaced, at standard inter- 
vals for all cars. 


Crash-test pioneer 


Before Ralph Nader had a driver's li- 
cense, Col. John P. Stapp rode a rock- 
et sled to 632 mph and came to a dead 
stop in 1.4 seconds, equivalent to a 
force of 40 g's. The rocket-sled tests 


| led to the development of ejection | 


seats for pilots of high-speed fighter | 
aircraft. 

Less known is his work with auto- 
mobiles beginning in 1955: investiga- 
tions into damage done to the human 
body in car crashes. The work spanned 


| some 20 years and resulted in recom- 


mendations for many safety features 
now standard on today's automobiles, 
including energy-absorbing instru- 
ment panels, safety locks, safety belts, 
and seat reinforcement. 

Stapp recently received the Interna- 
tional Federation of Automobile Soci- 
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Peer ahead into the possibility of a petro- 
leum-starved world and what do you 
see? Teensy cars with Lilliput-put engines 
wheezing along at sluggardly velocities. | 
The ECO 2, a prototype under evaluation 
in Britain, demonstrates how seriously 
this scenario is being regarded. The two- 
seat ‘city car’ uses an exposed steel-tube 
frame and a Ford Fiesta 1.1-liter engine | 
and has plastic skin panels.—N.S.M. | 
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eties medal for outstanding contribu- 
tions to automotive engineering, belat- 
ed recognition of his pioneering work 
on automobile safety. 


| Warm under the collar 


Maybe you thought sweaty palms were 
unscientific proof your car was uncom- 
fortable. Engineers at Volvo, research- 
ing climate control systems, wanted 
something more accurate. The result 
was Voltman, a clothed, full-sized ar- 


| ticulated model of a seated adult male. 
| The skin surface is divided into 19 sec- 


tions, each heated and controlled to 
maintain the skin temperature typical 
of an average driver. 

Voltman was invented several years 
ago to study heat loss while driving. 


| The research recently earned Volvo the 
| Society of Automotive Engineers' Arch 


T. Colwell Award for 1990. 


Two-tone at a small charge 


Applying a trendy multi-hue paint 
scheme to a car requires some labor-in- 
tensive masking to keep the pigments 
separate. Figure in the specialized 
handling required by today's metallic 


| paints, and you've got a tough job to 


keep up with fashion. But a break- 
through may be in the offing. 

While trying to determine why paint 
from a single batch yields different 
tones depending on the application 


technique, researchers from the Mas- | | 


sachusetts Institute of Technology and 
the Canadian company Instrumar 


found that the alignment of the paints © 


metallic particles on a surface affects 
its final appearance. Normally, the 
metal flakes lay horizontally on the 
painted surface. But by applying a 
stream of ionized air (known as a coro- 
na current) to a freshly painted ma- 
terial, the researchers were able to 


make particles align perpendicular to | 


| the surface, enabling more pigment to 


show through and darkening the color. 


Safety for the side 


Today's automobile provides a 
remarkable degree of protection dur- 
ing a head-on impact, but is much less 
resistant to à side impact. This is due 
largely to the laws of physics: There is 
only a thin door and a few inches of 
space to absorb a side impact; in a 
head-on collision there are several feet 
of front-end structure, suspension com- 
ponents, support framework, and a 
chunky engine to soak up the jolt. 

A new federal safety standard will 
force major changes in the side struc- 
ture of most new cars. By 1997, cars 


A MERCEDES WITH MUSCLE 


On the face of it, the concept is as American 
as, well, Pontiac's GTO of the 1960s: Shoe- 
horn the company's lustiest V8 into a mid- 
size body shell and let the power-hungry en- 
thusiasts queue up. The engine swap that 
created the Mercedes-Benz 500E, though, 

| results in a car far more 
versatile than those tire- 
smoking American muscle 
machines of 25 years ago. 
Fitted with the 32-valve 326-horsepower 
engine from the 500SL sports car, the four- 
door 500E packs nearly twice the power of 
the in-line six-cylinder used in the civilian 
300E sedan. As you'd expect, support 
systems are brought up to snuff for 

the task: P225/55 Z-rated tires 

tucked under flared-out 


will have to be equipped to protect the 
driver and passenger better from a side 
impact.The standard calls for potential 
damage to the driver and passenger to 
be measured by instrumented dum- 
mies with head sensors. À ramming 
sled will hit the car's side between the 
wheels at a 63-degree angle traveling 
at a speed of 33.5 mph. The dummies 
must sustain minimum damage for the 
car to pass the test. Currently, side im- 
pact is tested by a simple static test of 
a door’s strength done with a hydraulic 
jack pressing against the door. 

Only a handful of cars currently on 
the market meet the new standard 
without modification, and almost all 


are large, heavy luxury models. Small | 


cars with less structure to absorb side 


wheel arches, suspension links and brake 
components from the SL roadster, and elec- 
tronic traction control. Some upgrades even 
point the way of future Benz models: The fu- 
el injection's hot-wire airflow sensor will 
show up on the next generation of S-class | 
sedans from Stuttgart, 
Germany. 

Development work and | 
modifications required to 
install the V8 have been carried out by 
Porsche in Zuffenhausen, Germany. The fin- 
ished product is an unabashed all-star: 
breathtaking acceleration rates, the cross- 
wind stability of a Southem Pacific express 
run, gallery-level silence at triple-digit Auto- 
bahn velocities. All at a price just this side of 
$90,000.— Norman S. Mayersohn 
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impacts are certain to have the great- 
est difficulty making a passing grade. 

Modifications proposed include rein- 
forcement beyond the steel beams in 
the doors on most U.S. cars and vari- 
ous ways of tying the door structure to 
the surrounding frame with pins and 
flanges. An additional energy-absorb- 
ing honeycomb structure has also been 
proposed in some cases. The weight of 
the modifications will be a vital issue, 
of course, because the pressure is si- | 
multaneously on engineers to design 
lighter cars to meet rising fuel-econo- 
my regulations. 

The most sophisticated proposal is 
a door-mounted side air bag. Research 
is under way to test its effectiveness 
in a collision. РЕ 
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By JOHN FREE with David Peterkofsky and Marcelle M. Soviero 


Ink-jet spurt 


There's good news for your ears and 
wallet if you print out several dozen 
computer pages daily: Ink-jet printers 
now compete in price with less expen- 
sive dot-matrix impact printers— 
those noisy, irritating machines. In 
print quality, silent ink-jet printers 
are gaining on the crisp output of cost- 
ly laser-based machines. 

Moreover, ink-jet technology, which 
squirts microscopic droplets of fast- 
drying ink onto paper, has overcome 
earlier handicaps of smearing and fre- 
quently clogged ink outlets. 

Printouts aren't ideal yet, though. 
Close scrutiny of characters printed 
by new ink-jet machines made by 
Canon and Hewlett-Packard reveals 


some fuzziness at the edges of charac- | 


ters. That's caused by ink bleeding. 


Compared with laser printers, which | 


heat and fuse powdered toner, ink-jet 
characters aren't as dark and crisp. 
Hewlett-Packard's Deskjet 500 has 
a list price of $729, but sells for $499 
or less. The 500 has a large, boxy ap- 
pearance, but weighs only 14 pounds. 
Operation is simple: You slide up to 
100 sheets of paper into the tray, and 
the printer is ready to go. The letter- 
quality mode print speed is 120 char- 
acters per second (cps); the draft mode 


| print speed is 240 cps. 


Another new ink-jet model, Canon's 
BJ-10e Bubble Jet printer, lists at 


| $499 and sells for about $300. The 


compact BJ-10e fits in a briefcase. An 
optional battery lets you use it on the 
road with portable computers. Unless 
you buy an optional sheet feeder ($90 
list price), pages must be fed in one at 
a time. This clip-on feeder mecha- 
nism, designed so the BJ-10e operates 
standing on its narrow back, handles 
30 sheets at a time. Print speed is 83 
cps. Canon's $25 ink-jet cartridges de- 
liver about 700,000 characters. 


There's a variety of fonts and print | 


sizes for both machines if you buy ad- 


ditional plug-in cartridges. The print | 


quality of the HP Deskjet 500 and 
Canon BJ-10e is similar, but the BJ- 
10e has a slight edge in sharpness. 


Creativity software 


A new software program called 
MindLink is designed to help you 
solve a variety of problems. MindLink 
was created to foster creative think- 
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Hewlett-Packard's Deskjet 500 can instantly switch from normal vertical printouts to horizontal 


landscape formats. The smaller Canon BJ-10e ink-jet printer is portable. 


ing and problem-solving techniques. 

Jeff Mauzy, chief executive officer of 
MindLink Inc. and an executive at 
Synectics, Inc., a creativity research 
company, got the idea for such a soft- 
ware program from the creativity 
workshops he leads. Loredo Sola, 
president of MindLink, developed the 
software from Mauzy’s initial designs. 
Sola was skeptical about using a com- 
puter to foster creative thinking until 
he went to Mauzy’s workshops. “I was 
convinced that the techniques I 
learned would be even more beneficial 
if they were inside my computer and 
always available," he said. 

The program asks you to forget 
about your initial problem temporari- 
ly, focus on something completely un- 
related, and then connect the seem- 
ingly unrelated material to your 


problem in a new way to help you 
find a solution. 

Lets say you feel you waste too 
much time commuting. To solve the 
problem, MindLink first takes you 
through a warm-up in the “gym.” 
"This is where you play with ideas in 
an informal way,” says Mauzy. "It's 
like a Nautilus, except you're building 
your thinking muscles." Next you'll be 
asked to describe your problem and 
express it as a goal-oriented state- 
ment. In this case you might say: 
"Create better use of my time." 

You'll be guided by a series of trig- 


| gers within the program that encour- 


age free thinking. As an example, the 
program may ask you to imagine 
yourself at a French coffee shop on a 
rainy day and describe what you see 
and smell. You'll also do some “wish- 
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ing." Triggers and wishes are designed | 


to help you generate practical ideas. 


Then you'll start to focus in on one | 


idea. Say you wished a secretary could 
help you on the train each day. You 
would still list the pros and cons of 
this idea on a solution work sheet. 
Your wish for a personal secretary 
might yield a solution for your com- 
muting woes. Mauzy found his: a lap- 
top computer compatible with the 
computers in his office. 

Mauzy works with large companies 
that use the program for new-product 
development and reorganization. "One 
woman called to say she applied for a 
patent on a new sunscreen after using 
MindLink,” says Mauzy. 

MindLink is designed for the Apple 
Macintosh and IBM PCs or compati- 
bles and costs $499 (a student version 
is $80). MindLink Inc., Box 247, North 
Pomfíret, Vt. 05053. 


Multimedia chips 


Two silicon chips introduced by Intel 
Corp. last fall should bring multi- 
media capabilities—motion video, spe- 
cial effects, photographlike stills, au- 
dio, graphics, and text—to new mi- 


Intel’s 82750PB DVI 
chip is a processor for 
picture elements, en- ei 
sor ie — be |, e 

rapidly compress “с | 
and Bomm, The A 
8275008 DVI chip 
performs display func- 
tions, transforming 
digital data to analog 
form, and manipulates 
colors. 
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crocomputers. The chip set, called the 
i750 video processor, can be repro- 
grammed after it's installed in com- 
puters, enabling manufacturers to up- 
date their multimedia computers. 
Intel acquired rights to DVI (digital 
video interactive) technology from 
General Electric in 1988. DVI is one 
of several incompatible multimedia 
formats entering the market. Two 
years ago, seven computer boards in a 


$20,000 DVI package were needed to 
put multimedia capability into com- 
puters. Bought in quantity, Intel's 
new chip set costs less than $100. 
DVI will see industrial and com- 
mercial applications initially. Me- 
chanics, for example, might learn how 
to repair a new car using a multi- 
media CD-ROM from an auto maker. 
Or a travel agent might use a disc 
that lets clients *visit" locations and 


“Chevy Lumina АРУ» front-wheel drive can easily pull: you and a bunds of 
~~ your buddies up and down the mountain &lFday long. 


hotels on a computer screen. DVI en- 
tertainment applications, such as a 
realistic interactive flight with a jet 
fighter, are expected eventually. 
Other noncompatible multimedia 
chips and formats are being intro- 


duced. The newest entries: Tandy | 


Corp. and nine other companies have 
joined forces to market "affordable" 
multimedia PCs. Hardware and soft- 
ware standards have been established 
that include Microsoft Windows. 


DCC and DAT? 


Despite years of delays and a 
copyright-infringement lawsuit from 
some music publishers, digital audio 


tape decks are available in many | 


stores. The DAT recording format is 
based on a spinning record head, simi- 


lar to the technology in video cassette | 


decks. The machines let you make ex- 
act copies of digital compact discs, but 
an anti-copy circuit in DAT decks pre- 
vents copying the digital tape. 

Now N.V. Philips is readying a com- 


peting technology called digital com- | 
pact cassette (DCC). Philips, which es- | 


tablished worldwide standards for 


audio cassettes, reportedly wants to | 


make DCC machines compatible with 
standard compact cassettes. A DCC 
deck would have one record/play head 
to achieve this compatibility. But a 


second, stationary head that would | 


record and play back multiple parallel 
tracks would be used for CD-quality 
digital recordings. 

Whether the new digital coding sys- 
tem developed for DCC provides fi- 
delity equal to CDs still remains to 
be tested. An anti-copy feature would 
block unlimited copying of DCC re- 
cordings. One report says DCC decks 
will be available in 1992. Tandy Corp. 


plans to sell DCC decks through its | 


Radio Shack stores. Tapes would ap- 
pear similar to standard cassettes. 


Silicide heat detectors 


Stand before an unusual Air Force TV 
camera and touch your clothes briefly. 
Then glance at a nearby monitor, and 
you'll see “heat prints” on the cloth 
left by your fingers. 

Such extraordinary heat sensitivi- 
ty—as little as a few hundredths of a 
degree temperature difference—might 
help fighter pilots spot enemy tanks 
at night using airborne infrared cam- 


eras. The super-sensitive sensors in 
such cameras may also help doctors | 
spot tiny tumors, security guards lo- 
cate intruders, or scientists map 
Earth’s resources with satellites. 
Researchers at Hanscom Air Force 
Base in Massachusetts have been per- 
fecting palladium, platinum, and iridi- 
um silicide sensors for years. Their 
latest chips have more than 300,000 
detectors in a 486-by-640 format. 


Optical-fiber amplifiers 


A new technology that boosts the 
amplitude of light signals traveling 
through optical fibers is being planned 
by AT&T and Kokusai Denshin Den- 
wa, a large Japanese phone company. 

In conventional optical-fiber sys- 
tems, used for ocean-bottom links 
across the Atlantic and Pacific, for ex- 
ample, optical/electronic repeaters are 
used periodically. Bursts of weakened 
light traveling through fibers are first 
converted into electronic signals. These 
signals then trigger lasers or other 
light sources to produce strong, re- 
newed light pulses. 

The new optical-fiber cables linking 
the United States and Japan would 
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use fiber segments spliced into the | 
| main cable that have a built-in capabil- 
ity of amplifying light. The segments 


would contain the rare-earth element 


erbium. Lasers in these erbium-doped 
fiber segments could boost the strength 


of the light signals passing through | 


them without first converting the sig- 
nals into electronic form. 

A new cable system using the built- 
in optical amplifier could carry some 
600,000 simultaneous conversations. 
Current transoceanic optical cables 
typically handle 40,000 conversations, 


though one new cable being deployed | 


carries 80,000 two-way calls. 

AT&T Bell Laboratories is experi- 
menting with the new optical ampli- 
fiers, and the company's Microelec- 
tronics division now sells erbium- 
doped amplifiers. 


HDTV in depth 


Most viewers find large-screen high- 
definition TV impressive. The added 
| image detail, up to five times more 
than standard television, lets you sit 
closer to the screen without seeing 
blurry pictures. That means screen 
images fill a wider vision angle, mak- 


> 


One. Two. Three. That’s How авї its modular seats come out. Аг range and rearrange. 
They each we igh Justa 34 pounds SO. they: re definitely userdriendiy 


ing them more realistic; you're im- 


mersed in the action. Although HDTV | 


enhances image sharpness, color, and 
contrast, one thing is still missing 
from most videos: picture depth. 

But a videodisc presented at Bos- 
tons Museum of Fine Arts last fall 
added the third dimension to HDTV. 


Photographer Bishin Jumonji devised | 


a technique that uses a single HDTV 
camera for 3-D taping. These cameras 
are too large to be placed side by side 


to simulate the stereo viewing of our | 


eyes, so Jumonjis method uses com- 
puter software to control the camera 
as it's moved to capture scenes from 
different locations. 

Two Sony HDTV projectors dis- 
played the images, and polarized 
glasses produced the 3-D effect. The 


works of Japanese art shown, mostly | 


statues, appeared remarkably realis- 
tic, although the gray-tinted glasses 
sapped too much color and contrast. 


Bedside trauma computers 


Saving lives is becoming easier at the 
R Adams Cowley Shock Trauma Cen- 


ter, which is affiliated with the Uni- | 


versity of Maryland Medical System. 


| 


An innovative computer network be- 
ing installed at the Baltimore shock | 
trauma center lets physicians refer to | 
bedside work stations, which monitor 
the patient's health. | 
^We wanted these work stations to 
be 'one-stop shopping for informa- 
tion," says Jacquard Guenon, director 
of the computer center. Next to each of 
the 138 beds in the center will sit a 
Digital VAX 3100 computer with a col- 
or monitor. The computers will keep 
tabs on up to 100 patient functions, 
such as blood pressure and respirato- 
ry rates. They'll also provide access to 
the hospital's lab system, radiology 
department, operating-room comput- 
ers, and even the electronic mail sys- 
tem. The network has on-line storage 
of approximately 30 to 40 gigabytes. 
In fact, each work station is three to 
four times as powerful as the com- 
puter that used to run the Center’s old 
system. 

“The design idea was to get infor- 
mation, anticipate the need for it, and 
get it in front of the physician at the 
right time,” Guenon says. And in 
shock trauma medicine—described by 
Guenon as “very intensive care” with- 
in hours of the medical emergency 


Computer work stations 
installed beside each bed 
in a medical trauma cen- 
ter give doctors instant 
access to records, X- 
rays, and other informa- 
tion. The computers also 
monitor patient phys- 
iological data. 


—doctors need to receive 
information as soon as pos- 
sible. "With this system, ev- 
erything can be done right 
there. All that computing 
can be done locally." 
Among the system's more 
remarkable features is its 
ability to reproduce X-rays 
on the computer monitor. 
Using a mouse, a doctor can 
call up and examine a pa- 


tient’s X-ray. If he needs a closer look, | 


the physcian draws a box around the 
troubling area of the picture to en- 
large it. 


The network also includes a pager | 


directory and an on-call directory, al- 


Chevy Lu 
Its Бебі 


drives like а dream. Holds stuff like a wagon. Looks like tomorrow. And its body panels will never rust. 


MIEMSS Clinic: 


lowing the physicians to learn quickly 
who is in the building and who isn't. 
Guenon hopes the system will eventu- 
ally include automated paging, so the 
computer will notify the doctor if an 
emergency suddenly develops. 


[Installation of the work stations be- 
gan in December. Guenon says that 
software for the system is expected to 
be constantly evolving over the next 


three years to meet the needs of physi- | 


cians using the network. [25 
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| not hooked up to the proto- 
| ventionally direct-wired.) 
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By MARIETTE DiCHRISTINA with Phil McCafferty, Marcelle M. Soviero, and Judith Anne Yeaple 


ELECTRIC-UTILITY 
GATEWAY AND METER 


Smart wiring consolidates 
| electrical services into a few 
cables. (Components that are 


type Smart cables are con- 


| Still more smarts 


The latest in a series of houses that 
test components of the Smart House 


| system, the Electric Smart House 


brings mass-produced home automa- 
tion a step closer to reality. 

The house, scheduled to open in 
January for the National Association 
of Home Builders' convention, show- 
cases electricity-using Smart House 
technologies. This integrated home 
automation lets every appliance com- 
municate and work with every other 
one [“The World's Smartest Houses,” 
Sept. '90]. The З ,000-square-foot Geor- 
gian colonial was built in Stone Moun- 
tain, Ga.—a collaborative effort of elec- 
tric utilities, the NAHB, Smart House 
Limited Partnership, and the Greater 
Atlanta Home Builders Association. 

While some components in the house 
are prototypes operating for the first 
time outside the lab, full Smart House 
capability will be available later this 
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year. “The house is the first to use the 
system controller and the electric-utili- 


ty gateway and energy-management | 


system,” says Mike McGrath of Edison 
Electric Institute, a utility group. 


The system controller acts as a net- | 
work manager. The gateway receives | 


signals from the local utility, and the 
energy-management system then lets 
you control energy usage. For example, 
using the energy-management touch 
screen, you could tell the dishwasher to 
run during off-peak periods, when pow- 
er is cheaper and more readily avail- 
able. Entertainment, security, and oth- 
er appliances are also controlled via 
touch screens from Custom Command 
Systems of College Park, Md. 

The energy-management system also 
controls the efficient Carrier Hydro- 
Tech 2000 heat pump, which heats hot 
water too [“Do-It-All Heat Pumps,” Oct. 
'89]. The heat pump, electric-utility 
gateway, and energy-management de- 
vices were developed under the spon- 


XN, MASTER BATH 


The owners of the Electric Smart 
House will program energy usage 
and ther Katia li touch 
screen (above). 


SERVICE CENTER (INCLUDES LOAD 

_ CENTER, SYSTEM CONTROLLER, 
TELEPHONE GATEWAY, AND COAXIAL 
HEAD END) 


8 e 


TOUCH SCREEN 
AND VIDEOPHONE 


—— COMMUNICATIONS CABLE 
== HYBRID BRANCH CABLE 
Q SMART OUTLETS 


ADOLPH BROTMAN 


sorship of the Electric Power Research 
Institute, a utility group. ^A Smart | 
House is also an energy-efficient 
house," notes McGrath. It will use half | 
the energy of an identical house built 
to conventional standards, he says. 
Smart wiring integrates all of the 
systems into a few cables. The outlets 
let appliances communicate with each 
other “НМЕ” Nov. '90] and shut off 


. power when there is a threat of shock. 


For the next few months, Georgia 
Power, Oglethorpe Power, and the 
Greater Atlanta Home Builders Asso- 
ciation will open the house for sched- 
uled visits. Afterward, it will be put up 
for sale in the upper-$200,000 range. 

Curiously, the eventual owner will 
have a smart home—without using the 
Smart House technology. Revealing 
the difficulty of introducing such new 
systems, McGrath says: "When the 
house is sold, the Smart wiring in- 
stalled will not be UL listed. So the 
house is also direct-wired. 


Announcing 
PRICE BREAKTHROUGH &- 4 
in rear-tine tillers! 


Legendary Performance and Quality at an 
Amazingly Low Cost! 


Now every gardener can enjoy the easy handling, 
life-time quality and all-purpose excellence of a rear-tine, 


powered-wheels TROY-BILT® Tiller...at an affordable 
price! 


The TROY-BILT JUNIOR® Model will bust sod... 
prepare seedbeds...cultivate 
between rows..."power com- 
post” organic matter directly 
into your garden soil...in short, 
do all your gardening jobs 
quickly, efficiently, and more 
easily than you ever dreamed 


possible! 


—3 LI Full, No-Time-Limit 
Warranty is the best in 
| the industry! 

2] Û Powered wheels set a smooth, steady pace! 


‘ O Rear tines work the soil 
thoroughly, chop and 
shred organic matter! 


d Why [Кемел with ih a front ine dier.. 

m % when you can operate a 

£- rear-tines TROY-BILT Tiller with, 
^. Nm Just One Нап! 


ош AM upep 16619 


^ Cal TOLL-FREE WL 
1-800-767-9900 Dept. 3018 
gu “| uv | | or mail the postage-paid card or coupon 
Tp Weed your entire garden in ims... TODAY! 
your ! [de ni , Г===========з== лааны 
| | TROY-BILT Manufacturing Co. Dept. A3018 
| 102nd Street and 9th Avenue 


Troy, New York 12180 


O YES! Please send me FREE details about all the TROY- BILT® 
Tiller models, including the amazing JUNIOR Model... plus news 
about the SPECIAL SAVINGS now in effect and the NO-MONEY- 
DOWN "Easy Payment Plan" for qualified customers. 
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Product available in Canada 


Power-compost organic matter for richer soil! 
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ANNUAL WINTER SALE! 
We've rolled back prices to 1986. 


Now's the best time to improve your home 
with a Four Seasons sunroom, plus add free 
solar heat. Don't wait. 5ale ends Feb. 28, 1991. 


G3 FOUR SEASONS VE 


MEI SUNROOMS 


GREENHOUSES · SUNROOMS * PATIO ROOMS 
Outdoor Livinp...Indoors" 


* Inst, rax and frt. extra. © 1991 Four Seasons Solar Products Corp. 


| CALL OR WRITE FOR FREE COLOR CATALOG. 
| 1-800-FOUR SEASONS (1-800-368-7732) 
| FOUR SEASONS SOLAR PRODUCTS CORP. 
5005 Veterans Memorial Highway, Dept. Р52 
| Holbrook, NY 11741 
| DAI uu د‎ 
| 
| 


Address 


Phone ( کے‎ 0 НИРЕ 
FOR FRANCHISE INFO., CALL 1-800-521-0179. | 
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A Breath of 


FRESH AIR 


with the KecoupAerator" 


air exchanger 


— 


Impure 
Warm Air me vc 


—.. Impure 
Cold Air 
Out 


Hed Air In User Installed 
A year round supply of fresh air 
without wasting your heating or 
cooling dollars. Exhaust radon, smoke 
and chemicals with over 90% heat 
recovery efficiency for just pennies a day. 
Only $445 cont'l. U.S. shipping included. 
30 day, money-back guarantee and a 
3-year limited warranty. For free brochure 


or to order call 1-800-535-3448. 


aS A Product of Stirling Technology Inc. 
(^ P.O. Box 2633, Athens, Ohio 45701, 614-594-2277 
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*Almost everything Smart House 
does can be done conventionally with 
lots of wire," continues McGrath. “But 


by consolidating electrically powered | 


services into three cables, Smart House 


| will do it all much more cheaply.” 


Safer saw and blades 


The goals: Design a radial-arm saw 
that will fit in a small workshop, but 
function like a full-sized stationary 
saw, and engineer a new saw blade 
that improves safety and performance 
on radial and “chop”-type miter saws. 
Sears, Roebuck and Co. did well on 
both aims—and probably has set a 


standard for radial-saw safety features 
and easy-to-read international warn- 
ings. We liked the blade guard, which 
is almost impossible to remove, yet lets 
you change blades easily. 

The 75-pound saw could fit in a 2-by- 
2-by-2"2-foot package (and is the easiest 
radial to assemble and align we've 
seen). Yet its 8'4-inch blade rips to 26 
inches and cuts through 2*4-inch stock 
at 90 degrees; at 45 degrees, it cuts 
two-inch-deep grooves. Controls for ele- | 
vation, bevel, miter, and rip respond 
quickly and are easily accessible—bet- 
ter than most small saws and some 
full-sized radials. Price: $275. 

The sturdy base, hefty column, and 
13-ampere universal 
motor make the saw 
a good performer 
with the conventional 
blade that comes with | 
it. But add Sears' new 
“control-cut” carbide- 
tipped 8'4-inch 40- | 
tooth blade, and the 
performance is fan- 
tastic. (À 10-inch 40- 
tooth blade is also | 
available.) 

The blade's geo- 
metry gives a super- | 
smooth cut while min- 
imizing over-feeding 
or climbing—a ten- 
dency of chop-type 
miter saws and radial 
saws when they're be- 


PHOTOS BY PHIL MC'CAFFERTY 


Sears’ new portable radial-arm saw 
and unique blade teeth provi 
, safety advantages that set the 


i standard for other saws. 
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FREE . 


“INVENTOR OF THE YEAR" AWARD 
AND INDUCTION INTO 
· N.J. INVENTORS HALL OF FAME” 
pe TO INVENTOR OF TUFOIL 


You've seen the price of new 


cars...they go up every year! Cars get | 
flimsier..prices get higher..it never | 
seems to end. There are lots of | 
reasons to keep that nice car of yours | 


on the road as long as possible. 


Car sales are down and Tufoil sales 
are up. People are smart...they're 


taking the economical way out and | 
what could be easier than Tufoil. Just | 
You | 
don't have to shake the container or | 
add an engine flush. Just pour it in | 


add Tufoil to the crankcase. 


and drive away. 
Your throttle will 


like a scared rabbit!" 


Tufoil works wonders for all known |) [x 
It’s actually slipperier О 
than Teflon (according to a famous 


engine oils. 


U.S. Government laboratory). 

You'll get astonishingly fast starts on 
cold mornings with both diesels and 
gas engines. The Canadian govern- 
ment tested Tufoil at it's cold regions 
lab. They showed faster cranking and 
significant fuel savings with Tufoil. 


What about additives that claim to be 
a one-time treatment that will last the 
life of an engine? Well, I’ve been fol- 
lowing the scientific literature on 
lubrication for a very long time. As 
far as I know, there isn't a shred of 
scientific evidence for such a claim. 
So don't believe it! 


П TUFOIL Gun-Coat — 


mechanisms 


get silky | 
smooth...acceleration will improve. | 
One customer said his car "takes off І 


" Products based on on TUFO OIL t technology. С Check 
one with each order of 2 bottles or a quart. Check 2 for each | 
gallon order. Values range from $3.98 to $9.95. 
Super rust inhibited, smooth action 

O TUFOIL Compu-Lube — Low viscosity for computer 


"WHY BUY A NEW CAR 
"WHEN YOU DON'T HAVE TO? 


use Lutoil’ 


AND YOUR ENGINE 
WILL LAST... AND 
LAUT- AND LAST! 


"TUFOIL* 
SLIPPERIER 


THAN 
TEFLON? " 


Now available at... 


Thue Veber) 


w HARDWARE STORES © 


Stay in tune with your cart 


a Engines last longer with Tufoil. Our 
> 1976 476 T-Bird is now at 190,000 


Eas | miles and purring. 


Ds : ' i | A bunch of customers’ cars have now 
IX passed 250,000 miles. 


© Several months ago, а nice man I'd 
> never seen before walked into my of- 
2: fice, big smile on his face, sat down 


О and said, "Would you believe 340,000 


MAKES ENGINES WORK Ё 
ы SEITER, LAST LONGER | 
improved Mileage es 
I eer Performance Е 
=) “tier Starting 
iW E | P creased 
IUE ‘gine Lite 
: Reduces Friction 
f U.S. Patents 
Ыл Pending ; 
вА Oz. (237 Lite) | 


TREAT YOUR CAR 
TO ONE 8 OZ. BOTTLE OF 

TUFOIL FOR ONE OIL CHANGE 
You'll notice quieter, smoother operation, 
quicker starting, snappy acceleration! If 
you don't, just Mund EO us proof of purchase 
with a note describing the year and make 
of your car. We'll refund your $ 14.25 
immediately. 

Send for Tufoil today and prove to your- 
self the amazing increase in your car's 


ormance. Fill in the coupon today 
p" call TOLL-FREE any time, 24 4 hours a 


day. - 
1-800-922-0075. 


- (in New Jersey, call 201-825-8110.) 


heck T 44 


@ 


rush my TUFOIL order: 
| O ONEB oz. bottle... 


treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 


їе үа Grease — Easily sheared grease for i : ae ek е 
D TUFOIL Lubit-8 — General purpose, household use | | tor $2545 iie n9 woes 
a heb mes about TUFOIL | © ONE Quart bottle . . . treat 4 cars 
| for $54.95 pee $4.00 shipping 


О ONE GALLON ... treat 16 cars for 
$125.00 (plus $6.00 shipping and 
handling.) 

We ship within days! 
MONEY BACK GUARANTEE ON 8-OZ. 


FLUON® is rag T. M. of ICI Amencas inc 
TEFLONE® is reg. T.M. ol DuPont" 
TUFOIL® is reg. Т.М. of Fiuoramics 

US. Patent No. 4 284.518 

US Patent Мо. 4.224.173 

U.S. Patent No. 3.933.656 

Other US Patents issued and pending 


| miles on a Tufoil engine?" He went on | 


to rave about how well his engine has 


> been running all these years. I 
couldn’t get a word in edgewise. 


Recently, a truck driver called in with 


over 1,000,000 miles on a diesel using 


Tufoil - WOW! 


A customer from Vermont added 10% 
Tufoil to his sticky mechanical trans- 
mission, called in and said he couldn’t 
believe it..."Shifting is like slicing but- 
ter now!" he said. 

SAAB owners are writing letters 
praising Tufoil in their "NINES" 
magazine. They report spectacular 
improvements in their engines and 
transmissions! 


Don’t forget! Tufoil is the result of 
over 15 years of research and develop- 
ment, The U.S. government has 
awarded us 6 patents so far...so have 
Germany, England, France and 
Canada. 


Fluoramics, Inc. го 
18 Industrial Avenue 

Mahwah, NJ 07430 
My check or money order for $ 
Charge my credit card: 
O Am. Express 

Card No. 


is enclosed. 


Master Card O Visa 


Exp. Date 
Phone No. 
Name 
Address 
City 


Bat у o n 
(N.J. residents please add 7% sales tax). 


Canadian Distributor: 1-800-363-7753 


Own this classic 
"Roll Top” OAK DESK 


from our pen ne assembled Kit. 


= Here's the turn-of-the- 
P = ————H century ‘‘Roll-Top’’ you've 
pee ag М always wanted. А full 
size oak desk (oak and oak- 
veneers) now yours at 
extraordinary savings... 
because you put it together 
yourself from pre-cut Kit 
parts. No special tools 
needed. When finished, 


showpiece for your home 
or office — worth at least 
twice what you paid for the 
Kit! Send for details 
without obligation. 


"Xue : 


= 
Aus Е 


| | a 

| FREE ruu сов CATALOG 

| gives you all the facts 8 gf 
| Please send my free Craftsman's Corner color catalog featuring the Classic Roll Top Desk М. ج“‎ ^ 
| and many other quality hardwood kits. I understand I am under no obligation. 

| Print Name 

| Address - Apt. 

| City State Zip 


Your MARBRE No. MH MM 


IMPORTANT SAFETY WARNING 
TO OWNERS OF RUGER P-85 9MM PISTOLS 


We have recently learned of a broken firing pin in a P85 automatic pistol 
which caused the pistol to fire as a result of decocking. This is the first report 
of this nature in over 200,000 pistols delivered to customers since 1987 No 
injury occurred because the shooter kept the pistol pointed in a safe direction 
during decocking. 

Nevertheless, we regard this incident as important because it reveals a potential 
danger which we are prepared to eliminate in all P85 pistols now in use. ‘This mod- 
ification is very simple and does not alter the handling or appearance of this pistol, 
but it must be installed at the factory. 

Accordingly, we urgently request that all owners of P85 pistols contact us imme- 
diately to obtain any further information they may desire, and to arrange for return 
of their P85 pistols to the factory for modification. Please contact us at: 

STURM, RUGER & CO., INC. 
Dept. S, Ruger Road 
Prescott, AZ 86301 

Or call us for P85 inquiries oz/y at: 1-800-424-1886. Please have your pistol serial 
number available when contacting us. 

We will schedule your gun for factory installation of a new safety/decock system 
free of charge. It will prevent this type of accidental firing even in the rare event of 
firing pin breakage. 

This free safety modification applies ол/у to pistols rollmarked “*P85” on the 
slide. Pistols which are rollmarked “МКП” will have these modifications as part 
of their original manufacture, and are not subject to this modification. 

We are also taking this opportunity to remind shooters of the most common and 
basic firearms safety rule: 


ALWAYS KEEP THE PISTOL POINTED 
IN A SAFE DIRECTION! 


This is particularly important when loading, unloading, or decocking any pistol. 
Entire contents © 1990 by Sturm, Ruger & Company 
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you'll possess a magnificent 


ing used in the cross-cutting mode. To 
achieve controllability, Sears used a ze- 
ro-degree hook angle and shallow gullet 
depths of ™ıe inch. Another plus: The 
blade is priced competitively with fine- 
toothed carbide-tipped blades, says Sears. 


Carpet hazards: hoopla? 


Your eyes burn, your nose runs, and 
your throat feels as if you've swallowed 
steel wool. Is it flu or a reaction to 
chemicals emitted by your carpet? 
From 1988 to early 1990, the Con- 
sumer Product Safety Commission re- 
ceived 335 reports from people who 
suspected their carpets caused health 
problems, says Ken Giles, a public-af- 
fairs specialist. The people said their 
newly installed carpets gave off a 
strong odor or that certain symptoms 
that appeared after installation dimin- 
ished when they were not at home. 
“However,” Giles notes, “our study 
couldn’t conclude that any specific car- 
pet component caused these symp- 
toms. We are now testing samples of 
new carpet, and this should tell us 
what chemicals may be emitted.” The 
results should be announced this year. 
Others have tested carpets for chem- 
ical outgassing. "We've completed a 
massive study on this subject,” says 


| Marilyn Black, chief scientist at Air 
| Quality Sciences in Atlanta. “We found 


that carpeting is not a source of for- 


maldehyde, and it’s a very, very low | 


source of other organic chemicals.” 
If what carpets are made of does not 


affect health, the problem might stem | 


from what’s embedded in them. Work 
by David Camann at the Southwest 
Research Institute in San Antonio, 


| Texas, John Roberts at Engineering 


Plus in Seattle, and others shows car- 
pet dust can contain toxic particles like 


| lead and pesticides. 


One report, which analyzed dust and 
soil from 42 homes built before 1950 
in Washington, found that the soil 
around these homes had higher 
amounts of lead than is normal, proba- 
bly from the use of lead paint and pos- 


| sibly from outdoor air pollutants too. | 
| The researchers say contaminated soil 


clings to shoes and is tracked inside. 

A second study, by Camann and 
Robert Lewis of the EPA, found low 
levels of many pesticides in the carpet 


dust from a San Antonio home. Dust | 


was sampled from the living-room car- 
pet, doorstep, and garden. The highest 
contaminant levels of most pesticides 
came from the doorstep and garden— 
suggesting tracked-in soil as the source. 

“Older pesticides are persistent in 
the soil,” says Camann. “Even in new 


carpeting we've found pesticides that | 


|. Rammed with earth, old tires are an energy ef- 
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ficient wall material that provides thermal mass. 


were likely applied outside many years 


ago." These chemicals include DDT, 
chlordane, heptachlor, and dieldrin. 
The results are especially important 
for households with toddlers, who, sci- 
entists say, are vulnerable to excessive 
doses of contaminated house dust be- 
cause of their hand-to-mouth activity. 
There's hope, however: The research- 
ers say the tracked-in toxins can be 
drastically reduced simply by remov- 
ing your shoes or thoroughly wiping 
them on mats before stepping inside. 


Houses with "tired" walls 


"Housing has gone berserk, causing 
stress on people and the planet," says 
Michael Reynolds, president of Solar 
Survival Architecture. “We have huge, 
difficult-to-afford mortgages, and Earth 
is rapidly losing its trees." Reynolds 
proposes we use things like old cans 
and tires to construct houses instead. 

Reynolds was inspired to build such 
houses 20 years ago after he saw a 
news report on the housing crisis fol- 
lowed by a report on the disposal of 
tinned-steel cans. Reynolds built his 
first house using dirt-filled cans as 
"bricks." The house stands today. 

His houses, which Reynolds calls 
Earthships, are now springing up with 
regularity. For example, he recently 
built actor Dennis Weaver a luxury 
model; more than 70 others have been 
built in his hometown of Taos, N.M. 

In addition to the 40,000 or so cans 


used in each house, there are about | 
650 tires from passenger cars. Using | 


some of the 240 million tires that are 
thrown away each year as a building 
material is not only cheap—it’s smart. 
^When we ram the tires with earth, 
we get steel-belted rubber-encased 
‘bricks’ that are three feet wide—and 
free," says Reynolds. (Standard walls 
are about six inches thick.) The walls 
are finished with a cover of adobe mud. 
The tires provide good insulation and 


| thermal mass. "If you heat an iron skil- 


let and a tin pan, the pan will cool in a 
minute, while the skillet will burn you 
ten minutes later," says Reynolds. 
"Earthships are like the skillet—they 
hold the temperature." To benefit fur- 
ther from thermal mass, the houses are 
built partially underground in a U- 


shape that opens south to let the sun 
warm the interior. Roof-mounted solar 
panels provide all the necessary power. 
An average tire house can be built 
for as little as $20 per square foot, de- 
pending on labor. "Anyone halfway 


| handy can build his own,” according to 
Reynolds. If you hired a contractor, it 


would cost about $55 per square foot. 
But if land is too costly, Reynolds re- 

alizes, no house is truly affordable. So 

he is developing the Rural Earthship | 


| Alternative Community Habitat in Taos. 


Reynolds purchased 55 acres that he | 
sells for $1 per square foot with a mini- 
mum investment of $1,000. The only 
restriction: An Earthship must be built 
on the lot. Solar Survival Architecture, 
Box 1041, Taos, N.M. 87571. РЕ 
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Radar Warning Bre akthrough 


Digital Signal Processing (DSP) allows the new ESCORT to warn 
you of traffic radar much sooner than previously possible 


How Can The Best Get Better? 

The answer is simple: The new down-sized 
ESCORT picks up radar signals from farther away 
than ever before possible, even distant weak 
"instant-on" radar signals. And its advanced city/ 
highway circuitry lets you optimize ESCORT's 
warning system for either driving environment. 

What's New Under the Handsome Case 

The all-new ESCORT literally uses space-age 
technology — Digital Signal Processing (DSP), 
the same advanced system NASA uses to 
“sharpen” radar images. DSP samples incoming 
radar signals 50,000 times a second. This 
information is digitized and analyzed by an 
internal signal-recognition computer. 

Result? Greater distance than any detector 
ever had before. Greater separation of false- 


PASSPORT now available at $195 


• Top-rated in five major radar detector tests 

e Compact size — as small as a cassette case 
| e Comes complete with accessories 

* Over one million drivers depend on Passport 

* Full 30 day money-back guarantee 


signals. Incredibly fast reaction to instant-on traps. 

The case is aluminum, finished in non-glare 
black ... not cheap plastic. 

Test-drive ESCORT At No Risk 

We sell direct from our factory to you, and 
we guarantee your satisfaction. To place an 
order, just call us toll-free. 

After you receive ESCORT, if you're not 
completely satisfied within 30 days, just return 
it. We'll refund all your money and your return 
shipping costs. There are no hidden charges. 

With new ESCORT, we've revolutionized 
radar detection again. But don't take our word 
for it. Order today and see for yourself. 


Call toll-free 1-800-543-1608 
Call 24 hours, 7 days a week 
Major Credit Cards Accepted 


e 
RADAR WARNING RECEIVER 


Ohio residents add $16.23 tax. Price higher in Canada. 


Standard shipping and handling is $4.50 
or overnight delivery is available for $14.50. 


Cincinnati Microwave 
Ь Department 001621 
One Microwave Plaza 
Cincinnati, Ohio 45249 


© 1990 CMI 
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addam al-Tikriti Hus- 
sein's Iraq has become 
one of the century's great 
military success stories, 
threatening a superpower 
with weapons of terror 
that are almost as fear- 
some as atomic bombs 
and building a war machine second to 
none in the Arab world. 

А mere 10 years ago Iraq's conven- 
tional weapons industry was primi- 
tive, essentially limited to small pro- 
duction plants that made sniper rifles 
under a Yugoslavian license and pow- 
der and propellants under a Soviet 
license. 

Today, Iraq doesn't merely possess, 
but produces: poison-gas bombs load- 
ed with agents that blister the skin or 


. cause the central nervous system to 


collapse; missiles that can reach tar- 
gets anywhere from 55 to 550 miles 
away; improved versions of the Soviet 
Union's top-of-the-line battle tank, the 
1-72; fuel-air explosives that create gi- 
ant fireballs over battlefields or cities; 
artillery pieces capable of firing shells 
—including those filled with poison 
gas—as far as 25 miles; cluster bombs 


that will kill or maim anyone in an 
area the size of 10 football fields; and 
all the ammunition it needs for every- 
thing from those Yugoslavian sniper 
rifles to Iraq's own "Lion of Babylon" 
T-72 tank. 

The valley of the Tigris and Eu- 
phrates, the site of ancient Babylon, 
has become a valley of death. An im- 
pressive array of factories and com- 
plexes to build these weapons has 
been constructed near Baghdad. 
Among them are the one at Taji, a bil- 
lion-dollar industrial complex devoted 
to the production of armaments; a lab- 
oratory complex, originally thought to 
be part of the University of Mosul, 
that works on nuclear, chemical, and 
missile projects; and the poison-gas 
complex in Samarra. 

Iraq's weapons infrastructure 
sprang up nearly overnight in com- 
parison with the pace set by other 
Third World nations, and while the 
country was engaged in a life-and- 
death struggle with Iran. “There is no 
other nation that has done this," says 
W. Seth Carus of the Washington In- 
stitute for Near East Policy, who has 
written extensively on Iraq. "There is 
no historical analogy. None." 

There are, of course, other examples 
of Third World nations that have de- 
veloped their own arms industries, 
like Israel and India. Both produce a 
wide range of weapons systems, in- 
cluding nuclear weapons and inter- 
continental ballistic missiles. But 
their industries came into being by in- 
crements—that is, in small steps with 
direction provided by long-term stra- 
tegic planning. Iraq's industry, by con- 


, trast, was created on the fly, with 


lots of cash. 

Even now, the cost is hard to calcu- 
late. The U.S. Arms Control and Dis- 
armament Agency estimates Iraq has 
spent nearly $50 billion for the wea- 
pons it bought during the 1980s— 
most of it from the Soviets and the 
French. That price tag, however, 
doesn't include the cost of the factories 
Iraq has built with outside help from 
suppliers and contractors. 


By ROBERT WINDREM 
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The biggest threat posed by Saddam Hus- 
sein's missile forces is his arsenal of modi- 
fied SCUD-Bs. Iraq's version, called the al- 
Hussein, can be fitted with various warheads 
carrying chemical agents, fuel-air explo- 
sives, or TNT, rendering them effective 
against a broad range of targets. 

The Soviet Union shipped SCUD-Bs to 
Iraq primarily in 1987. Saddam is still be- 


In establishing its now evident and 
formidable capability Iraq took ad- 
vantage of trends only the savviest of 
Western intelligence analysts under- 
stood. The world's arms bazaar 
changed during the last 10 to 15 years 
when Saddam and other Third World 
leaders entered it to buy the regional 
supremacy they craved. Along the 
way, military technology just below 
superpower standards has become an 
international commodity in a frag- 
mented arms market. No longer does 
it operate under superpower control. 

War is hell, as Civil War general 
William Tecumseh Sherman said— 
but it can come at you in a variety of 
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lieved to possess a few. These originals can 
fire a one-ton payload about 180 miles. The 
missiles were lraqi-modified with substantial 
help from German, Egyptian, Brazilian, and 
perhaps even North Korean engineers. Ex- 
perts believe the Iraqis cannibalized three 
SCUD-Bs to produce two al-Husseins, in- 
creasing the size of the fuel tank—and thus 
the range—while shrinking the size of the 
warhead. 

The al-Hussein modifications were suc- 
cessful in extending the range of the SCUD- 
Bs from 180 to 360 miles, but shrank the 
warhead by 75 percent. Recent intelligence 
indicates much of that loss has now been 
made up. A further modified version, called 
the al-Abbas, extends the range to. 540 
miles, enough to encompass all of the Per- 
sian Gulf, Israel, and part of Egypt. In battle, 
they are carried aboard a movable trans- 
porter-erector-launcher. 

Despite seeming gains in range, the modi- 
fied SCUD-Bs are still hindered by the aero- 
dynamic faults of their forebears: Due to 
poor aerodynamics, accuracy is limited to 
about a mile. In addition, intelligence experts 
say the liquid-fuel missiles take a full hour 
and 45 minutes to load. This process is de- 
tectable by surveillance satellites, giving 
plenty of warning to an opposing force. 


ILLUSTRATIONS BY JANA BRENNING 


forms. Iraq's acquisition strategy 
hinged on an awareness that different 
kinds of military technology conferred 
different kinds of power on a nation. 
The ultimate position would be occu- 
pied by a nation that possessed both 
terror weapons to deter an enemy and 
conventional weapons to fight him. 
And the opportunistic nature of Iraq's 
acquisition strategy led to new uses 
for cast-off weapons—uses that in 
each case made them more terrible. 
Cluster bombs, developed by the 
United States to halt tank columns, 
were used by Iraq to massacre masses 
of troops and even civilians. Iraq has 


put fuel-air explosives on missile war- ' 


heads, whereas the United 
States developed them to clear 
minefields or helicopter-landing 
areas. And before the Iran-Iraq 
War, few believed poison gas 
could be used to inflict large 
numbers of casualties. Iraq 
proved them wrong. 

The sheer possibility that 
American troops may face these 
weapons has given pause to all 
but the heartiest supporters of 
military intervention in the 
Persian Gulf. For all their un- 
sophisticated horror, or precise- 
ly because of it, they can be said 
to have a political effect. Iraq 
may have realized this long be- 
fore it invaded Kuwait or even 
fought Iran. 


intelligence community ana- 

lysts said Iraq's highest body, 
the Revolutionary Command 
Council, issued a secret direc- 
tive: Iraq would master the 
technology needed to build nu- 
clear, chemical, and biological 
weapons and the missiles to 
carry them. 

"Everything proceeded from 
that decision," said one Pen- 
tagon analyst. “The nuclear re- 
actor at Osirak, the chemical 
weapons facility at Samarra... 
While other Arab nations were 
pursuing massive development 
schemes [Kuwait fostered 
health care and universal edu- 
cation, and the Saudis and 
Omanis both have giant univer- 
sities—reflections of the “west- 
ernization" of the region at the 
time], Iraq decided to build a 
better bomb." 

In early June 1981, Israel at- 
tacked Iraq's Osirak nuclear re- 
actor, preventing Saddam, for 
the time being, from coming in- 
to possession of an arsenal of 
nuclear weapons that could 
threaten Tel Aviv and Teheran. 
He had invaded Iran the year before, 
only one year after becoming presi- 
dent, and the war was quickly turning 
into a drawn-out desert version of 
World War I: trench warfare punctu- 
ated sporadically by battles in which 
tens of thousands would die. 

Iraq had to find conventional wea- 
pons to win the war and at the same 
time replace the terror weapon it 
needed in order to ensure its status as 
a regional superpower, a role it had 
long coveted. 

Initially, few other nations were in- 
terested in supplying weapons to a 
combatant. But, ultimately, few na- 
tions or companies were immune from 


۴ 1974, Pentagon and U.S. 


the attraction of selling arms to Iraq 
—especially at the huge prices Iraq 
was willing to pay. 

As Third World nations acquired 
various capabilities, it occurred to 
them to market their products and 
eventually their know-how for the 
same reason any entrepreneur wants 
to defray research and development 
costs. Frequently, too, Third World na- 
tions have developed their own wea- 
pons industry by working off super- 
power designs or licenses. In this way, 
Brazil produces excellent, if not super- 
power-standard, rocket launchers. 
Singapore makes finely crafted rifles. 
South Africa manufactures one of the 
finest artillery pieces in the world. 
And a small arms dealer in Chile de- 
signs what he calls “a safer and sim- 
pler cluster bomb." 

A]l any of them needed was a buyer. 
During the war with Iran, Iraq had 
money to spend. And not just its own, 
but tens of billions lent to it—ironical- 
ly—by Kuwait and Saudi Arabia, na- 
tions fearful of Iran's particular brand 
of Islamic fundamentalism. (One of 
Iraq’ prime motivations for invading 
Kuwait, according to analysts, was its 
desire to "cancel" its debt to its neigh- 
bor nation. Kuwait is indeed paying a 
high price for Iraq's technological 
shopping spree.) 

Early on it was clear that Iraq sim- 
ply did not have the industrial capaci- 
ty to feed what was becoming a 
ravenous appetite for military equip- 
ment. But another neighbor, Egypt, 


did. Its military industries were far 
more mature than Iraq's. Egypt also 
had a surplus of Soviet-made equip- 
ment that was compatible with Iraq's 
Soviet-made arsenal. And, after it 
signed the Camp David accords in 
1979, not only had Egypt become a 
U.S. customer, there was also a politi- 
cal payoff: Arms sales to Iraq would be 
invaluable to Egypt in reestablishing 
political ties with the Arab world. 

The first sales were of spare parts 
for anti-aircraft missiles and small 
arms, but by 1983 Egypt had sold Iraq 
about $2.7 billion worth of war ma- 
teriel. From Egyptian factories in the 
Nile delta came tanks, surface-to-air 
missiles, even Chinese-designed fight- 
ers and Brazilian-designed jet train- 
ers. The planes were produced from 
kits. 

“The Iraqis bought about 110 Chi- 
nese F-6s and F-7s from the Egyp- 
tians at a price one-third higher than 
what the Iragis would have had to 
have paid if they had bought directly 
from the Chinese," says Aaron Karp, 
an arms-control expert at the Stock- 
holm International Peace Research 
Institute. "The reason is that Iraq 
wanted a reliable supplier in the Arab 
world, and it was willing to pay a pre- 
mium to ensure such access." 

By 1983, as the Iran-Iraq War pro- 
ceeded into its third year, the pressure 
to buy weapons quickly was easing. 


Iraqi arms dealers had now estab- 


lished lines of trade with a variety of 
sources. The war was grinding on, be- 


coming a defensive struggle along a 
600-mile front, but even the United 
States was helping, covertly, supply- 
ing intelligence to help Iraq defeat the 
Ayatollah Khomeini. 

As Iraq’s success in acquiring a 
weapons infrastructure grew, so did 
its need for managers. Two men even- 
tually emerged as tough enough to 
keep Saddam's confidence in trying 
times, yet sophisticated and urbane 
enough to deal with major European 
and American corporations, bankers, 
and arms brokers. 


en. Amer Rashid al-Obeidi and 
Gen. Amer Hammoudi al-Saadi 
are the godfathers of Iraq's 
weapons program. Rashid al-Obeidi, 
who had been gathering praise as a 
world-class engineer, had responsibili- 
ty for building up the conventional 
sector Hammoudi al-Saadi, a Ger- 
man-trained chemist with a German 
wife, assumed command of the nucle- 
ar, chemical, biological, and missile 
programs. Later, when Saddam want- 
ed greater personal control, he ap- 
pointed his son-in-law and former 
bodyguard, Hussein al-Kamel, to run 
the whole operation as Minister of In- 
dustry and Military Production. 

The weapons infrastructure was 
their top priority. Suppliers were told 
Iraq wanted software, training, and 
turnkey plants—the ability to pro- 
duce its own weapons. Suppliers were 
able to deliver licensing deals, co- 
production contracts, and unlikely al- 


BINARY PROJECTILE 


CANISTER A 


CANISTER B 
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The most dangerous poison-gas bombs possessed by Saddam Hussein are binary chemical weapons. Essentially, they work like deadly 
cocktail mixers, combining two nonlethal chemicals in mid-flight to produce a lethal agent that can then be released on detonation. Essen- 
tially, one detonation forces the chemical-containing canisters together; a second opens the housing projectile. 

The binary alternative’s chief advantage is in safe handling that makes poison-gas bombs more mobile and more apt to be used in large 
numbers. Further, weapons whose chemical agents are mixed in flight are no less deadly than those carrying pre-mixed agents. 

Among the agents that Iraq can deliver in this way are mustard gas, a blistering agent that kills about 20 percent of its victims and causes 
severe disfigurement on contact, and the nerve gases tabun and sarin, which kill their victims by shutting down the central nervous system. 
Iraq may have also produced quantities of cyanide. 

The weapons that have been used in the past include air-dropped bombs, 90mm rockets fired from aircraft, and 122mm artillery rockets. 
It is suspected that Saddam has also weaponized 155mm artillery shells as well as missile warheads. However, Iraq has never tested a 
chemical warhead, making the efficiency of one suspect. 
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liances. This was the shadow compo- 
nent of the lucrative arms deals Bagh- 
dad was concluding with every major 
and quite a few minor arms manufac- 
turers. If you wanted to sell Iraq 


Iraq has two options to develop nuclear wea- 
pons—one more quickly executed, but risky, 
the other long-term. The short-term option is 
for Iraq to use the 27 pounds of weapons- 
grade uranium it already possesses to make 
either one or two weapons. The uranium 
must be molded, cast, and shaped into a 
perfect sphere, or bomb core. (Weapons de- 
signers can practice with low-enriched urani- 
um to ensure they've mastered the required 
techniques, say experts.) The bomb core 
would then have to be encased in conven- 
tional high explosives. To ensure critical 
mass and a nuclear explosion, the conven- 
tional high explosives must then be detonat- 
ed symmetrically and in a millisecond. The 
Iraqis are not believed to have experience in 
these nuclear-detonation techniques, mak- 
ing this the less likely option. 

The second, more probable scenario is 
long term, taking perhaps 10 years. The 
Iraqis are believed to be familiar with tech- 
niques for enriching uranium with centrifuge 
technology. In this technology, uranium is 
converted to a gas. By spinning the uranium 
gas at high speeds, the centrifuge separates 
the heavier isotope of uranium, uranium- 
238, from the lighter isotope, uranium-235. 
The U-235 is weapons-grade. From its cur- 
rent stockpile of 200 tons of raw uranium, 
Iraq could produce 50 nuclear weapons. But 
Iraq reportedly has only 26 centrifuges, and 
the process requires thousands operating in 
concert to do the job. 
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bombs, you had better be pre- 
pared to supply the machinery to 
make them as well. 

Working with Rashid al-Obei- 
di, Thomson-CSF, the French 
electronics giant, set up a 
turnkey plant for the Iraqi 
military during 1982 and 
1983. Located near Sad- 
dam's hometown of Tikrit, 
north of Baghdad, it was 
soon producing military elec- 
tronics—transceivers, micro- 
wave and hybrid circuits for 
aircraft, and components 
and communications gear 
and radars. Code-named 
Sa'ad 13, the facility's histo- 
ry typified the development 
of many that would follow. In 
1984, when production be- 
gan, Thomson supplied a 
support staff of 250 engi- 
neers for the 3,000-man 
work force. By 1989, Iraqi 
personnel had replaced all 
but 20 percent of the French, 
and a second plant was un- 
der construction. 

Between 1983 and 1988, 
when the war with Iran end- 
ed, Brazil made a co-produc- 
tion deal for its Astros ar- 
tillery rocket, which became 
the Iraqi Sajil, and Yu- 
goslavia did the same with 
its 100-kilometer rocket, the 
M-87, which became Iraq's 
Ababil. Eventually, even the 
Soviets licensed their battle- 
tested T-72 tank, which the 
Iraqis upgraded with French 
electronics and renamed the 
*Lion of Babylon." Iraq had 
come a long way from sniper 
rifles. 


whole new companies in 

places usually considered 
remote from the world's 
arms markets. In South 
America alone, Iraq spent 
billions. Carlos Cardoen, a 
Chilean entrepreneur, had start- 
ed a small arms company in 1978, 
with a $5 million order from the 
Chilean Army. Cardoen, who de- 
scribes himself as an inventor, 
came up with a new design for a 
cluster bomb. He even obtained a 
U.S. patent for it. But Chile was 
his only buyer. Then, in 1983, a 
Miami arms broker named Nass- 
er Beydoun introduced Cardoen 
to the Iraqi market. 

“Cardoen was ideal for the 
Iraqis: one company owned by 
one person,” says Beydoun, who 
is suing Cardoen for commissions 


[е strategy created 


Detonating a fuel-air explosive (FAE) bomb, 
often called a poor man's atomic bomb, is 


like lighting a match in a gas-filled room. 
The theory—and the effect—is the same. 
The blast and shock wave it produces is still 
only a fraction of that of a tactical nuclear 


weapon, but it does have certain advan- 
tages. There is no radiation, and, unlike 
atomic bombs or poison-gas attacks, use of 
fuel-air explosives is not proscribed by any 
arms treaty. 

Developed during the Vietnam War, the 
FAE is filled with a highly combustible fuel in 
either liquid or gel form. The fuel may be as 
exotic as aluminum powder or as simple as 
gasoline. A small charge at the front of the 
bomb or warhead releases the fuel, which 
mixes with the air to form a vapor cloud. Ap- 
proximately *^o second later, a detonator 
at the rear of the bomb triggers the midair 
explosion. 

Used against massed troops and deliv- 
ered by a bomb or missile warhead, it would 
simply obliterate those nearest the target 
area with both a fireball and concussion; it 
would burst eardrums, rupture internal or- 
gans, and collapse the lungs of troops fur- 
ther away. It would not harm tanks, but 
would deprive them of communications links 
by blowing away their antennas. 


he claims the Chilean still owes him. 
"They knew he would have no prob- 
lems getting stuff in and out." 

Cluster bombs were something Iraq 
needed. Neighboring Iran, with its 
huge population advantage, regularly 
assaulted Iraqi lines with waves of 
young, ill-equipped soldiers. By March 
1984, faced with a new human-wave 
attack, Iraq ordered its first 3,000 
cluster bombs from Cardoen. By sum- 
mer, another 3,000 were on their way 
to the Iraqi front. Ultimately, Cardoen 
supplied more than 30,000 bombs to 
the Iraqi Air Force, which used them 
because they could be set to detonate 


and fragment not just against massed 
troops, but against Iranian cities as 
well. And so, out of sheer necessity, 
the Iraqis began talking with Cardoen 
about building a cluster-bomb factory, 
which by 1987 was in full operation 
near Baghdad. 

At the time of the Iraqi invasion of 
Kuwait, U.S. intelligence believed 
Cardoen was about to become Sad- 
dam's middleman in a series of deals. 
There was the midget submarine fac- 
tory Cardoen had bought in Italy and 
whose technology he planned to trans- 
fer to Chile. There was the self- 
propelled cannon he had li- 
censed from Armscor, South 
Africa's giant arms builder. And 
Cardoen claimed he was modi- 
fying the top-selling American 
helicopter, the Bell Jet Ranger, 
for agricultural and passenger 
use, but it was described in his 
company brochures as the “Car- 
doen Bell Attack Helicopter." 
Cardoen wanted to arm British 
mini-hovercraft and sell them 
as commando assault vehicles 
for fighting in the Mesopotami- 
an marshes. Finally, there were 
the fuel-air explosives Cardoen 
is developing even today in the 
northern deserts of Chile. He 
says he hasn't sold any to Iraq. 
U.S. intelligence says that's 
splitting hairs: Cardoen has 
sold Saddam a factory to make 


them. 
Е to build the weapons 
of mass terror than to buy 
them. Shopping for components 
was a job that required certain 
skills and connections, and the 
man to whom Saddam had en- 
trusted the job, Amer Hammou- 
di al-Saadi, had them. As one 
European defense correspon- 
dent has put it, "Al-Saadi has a 
keen appreciation for German 
export laws." 

Iraqi agents became mas- 
ters of subterfuge, especially 
in Germany. Al-Saadi's legions played 
a simple game: Set up a terror- 
weapons factory under a seemingly 
innocuous state agency, have the 
agency order the components, hire en- 
gineers to integrate it under Iraqi 
auspices, and Presto! a terror- 
weapons factory is producing poison 
missiles. 

Iraq’s most dangerous war plants, 
the poison-gas complex at Samarra 
and the giant missile factories south 
of Baghdad, were the prototypes. 

In the late 1970s, after the Revolu- 
tionary Command Council decision 
was made to produce poison gas, Iraq 


ooking back, it was almost 


scoured the West for a phosphate 
plant to produce the gas. The prospec- 
tive buyer was a front: The Iraqi State 
Enterprise for Pesticide Production. 
Iraqi agents tried the United States, 
Britain, and Italy without success be- 
fore a small company in Germany 
agreed to help. Karl Kolb GmbH pro- 
vided the components necessary for 
building a pilot plant, the one at Sa- 
marra. Based on investigations that 
began in 1987, German prosecutors 
now believe the company knew just 
what it was doing, 


ceeded in the purchase of hundreds of 
tons of the ingredients needed to pro- 
duce mustard and nerve gas from 
American, Spanish, Belgian, and oth- 
er companies, succeeding with the 
ruse as late as 1988, when the war 
ended. By then, 50,000 Iranians had 
been killed, wounded, or disfigured by 
Iraqi chemical agents, and tens of 
thousands of tons of poison gas had 
been stockpiled. 

The strategy used in modernizing 
Iraq’s missile forces was more subtle. 
In 1984, at around the same time it 


Cluster bombs are particularly vicious weapons if used against massed troops or civilians. 


The Iraqis have used them against both. 


Although they were developed before World War Il, they were only put into mass production 
during the cold war. Their primary U.S. use has been as an anti-tank weapon, and in fact the 
United States forbids its overseas customers from using them as anti-personnel weapons. 

Each cluster bomb usually contains hundreds of “bomblets.” As the bomb drops, it rotates. A 
small charge opens the bomb casing, and the centrifugal force of the spinning bomb dis- 
tributes the bomblets in an elliptical pattern. When dropped properly, the cluster bomb will kill 
or maim anyone within an area the size of 10 football fields. 

The bomblets are often "pre-fragmented" to cause particular harm to human targets. Also, 
inside some bomblets is zirconium, an element that will cause them to ignite upon bursting or 
contact. Iraqi cluster bombs come in sizes from 50 to 1,000 pounds. In some cases, cluster 
bombs are equipped with "sleeper bomblets." Activated by an electronic fuse programmed at 
the factory, the sleeper bomblets explode from 30 minutes to 72 hours after impact. The pur- 
pose is to deny an area, such as an airfield, to an enemy. 


The success of Iraq's first poison- 
gas attack, in mid-1983, propelled the 
Iraqis to build even more facilities at 
Samarra. Eventually, there were new 
production lines acquired from Ger- 
many, France, and the Soviet Union. 
There were storage bunkers and stor- 
age silos, all in a heavily fortified 100- 
square-mile exclusion zone—hardly 
the security needed for a simple pesti- 
cide plant. 

But the deception worked, not just 
in acquiring equipment or precursor 
chemicals needed to make poison gas, 
but even whole new plants to produce 
more gas. The state enterprise suc- 


was realizing the value of poison gas, 
Iraq began to realize the value of 
building missiles to carry gas and oth- 
er weapons great distances. It secretly 
entered into an agreement with Ar- 
gentina and Egypt to build a solid-fu- 
eled mobile missile capable of carry- 
ing a 1,000-pound warhead 600 miles. 

To manage the operation, the three 
nations hired a shadowy Swiss com- 
pany called Consen. (Consen's lineage 
must have appealed to Saddam and 
al-Saadi. It was 90-percent owned by 
the remnants of the Krupp family, 
German arms builders for three cen- 


[Continued on page 84] 
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t's been 22 years since the Con- 
corde, the world's first commercial | 
supersonic airliner, roared off into the | 
stratosphere. But the rare and beautiful bird has 
come to be viewed as a fuel-guzzling, noisy, cramped fi- 
nancial boondoggle and an environmental hazard. What 
were only suspicions during its development are now certainties. 
Jet exhaust at high altitudes may prove every bit as damaging to 
the fragile ozone layer as chlorinated fluorocarbons (CFCs). 

Against this backdrop, airplane builders and jet engine manu- 
facturers around the world face the daunting challenge of devel- 
oping the next generation of SST. This time there must be no com- 
promise of fuel-efficiency or pollution control. 

There are two schools of thought on what form the next SST 
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Radical as it seems, nothing's missing 
from the oblique flying wing (left), propo- 
nents say; it’s got everything needed to 
be the most efficient SST possible. But it’s 
the conventional-looking delta-winged 
concept plane (above) that represents 
mainstream thinking. 


ILLUSTRATIONS BY KERRY LESLIE 


ought to take: Several engineering teams are busy draft- 
ing delta-winged "paper airplanes" with cruising speeds 
ranging from Mach 1.6 to Mach 3.2. These would essen- 
tially be bigger, better versions of the Anglo-French Con- 
corde. This is the mainstream effort and—not incident- 
ly—the primary funding beneficiary in the SST field. 

"Wrong shape!" So says a small circle of researchers in 
California led by an eminent aerodynamicist who invented 
both the swept and delta wings in the 1940s. These rene- 
gades believe the next SST should have a radically differ- 
ent and more efficient form: the no-fuselage, no-tail, not- 
even-straight-ahead configuration known as the oblique 
flying wing. 

This two-part report provides a status check on the 
aeronautical community's efforts. 


New engines, more 
passengers, and a tailored 
sonic boom are planned for the 
Concorde's likely successor. 


BY J. T. JOHNSON 


ill a new generation of super- 
sonic airliners be possible by 
the year 2010? NASA and an 
international consortium com- 
prised of aircraft builders Boe- 
ing Co., McDonnell Douglas 
Corp., British Aerospace Ltd., 
Deutsche Airbus, and France's 
Aérospatiale think they could be. The U.S.S.R. and Japan 
may enter the race as well. But before the first dart-shaped 
successor to the Concorde can be built, designers will have 
to focus on curbing the release of exhaust containing oxides 
of nitrogen (NO,), which can wreak chemical havoc on 
Earth's ozone layer. Without that milestone achievement, 
reigning in engine noise and sonic boom will remain moot 
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points. Of course, both economic feasibility and environmen- 
tal concerns will be examined during this proving stage. 

In its time, the development of the Concorde by a govern- 
ment-subsidized British-French joint venture was proof of 
the aeronautical concept of a Mach-2 supersonic transport. 
But the Concorde was a huge business failure for several 
reasons. Its Rolls-Royce Olympus turbojets, while reason- 
ably efficient at cruising altitude, are essentially early 
1960s fighter-plane power plants. During takeoff and climb 
they make a tremendous amount of noise and gobble fuel, 
giving the plane poor range. Furthermore, to prevent dis- 
turbing and destructive sonic booms, the Concorde is re- 
stricted to subsonic speeds when flying over land. Originally 
conceived to carry about 120 passengers, the Concorde 
needed extra fuel tanks (which showed up during develop- 
ment). This reduced seating capacity, effectively cutting into 
per-flight revenues. 

Drawing on the projections of a study that was commis- 
sioned by NASA showing increased passenger demand by 
the year 2000, Boeing and McDonnell Douglas posited 
that in order to be economically viable, the 21st-century 
SST will have to carry 250 to 300 passengers, at two to 
three times the speed of sound, and cover twice as many 
miles as the Concorde, but at one-seventh its cost per pas- 
senger mile. 

Ratcheting up the demands on the next SSTs in all cate- 
gories—efficiency, profitability, and speed—will complicate 
the problem-solving process for researchers. For instance, 
to meet the economic and flight-performance goals expect- 
ed from a new generation of SSTs, the engines operating 
10 or 15 years from now will pump fuel and air through 
their combustion chambers at much higher temperatures 
for efficiency's sake. "Every 200 degree [F] increase in inlet 
temperature will probably double the NO,,” says Rich 
Niedzwiecki, chief of combustion technology at the NASA 
Lewis Research Center in Cleveland. Increased pressure 
in the engine's combustor section will also increase NO, 
levels. 

Its a prospect that has spurred researchers to examine 
what can be done to tweak the air-fuel mixture, the various 
engine temperatures, and the speed with which the gases 
pass through the combustor, with the goal of achieving effi- 
ciency gains as well as NO, reductions. 


o further complicate matters, future SSTs would climb 

beyond today's airliners to a cruising altitude in the 

stratosphere, where NO, can be particularly damaging. 
Under certain conditions, one > molecule of NO, can act like a 
catalyst and initiate reactions that destroy hundreds of ozone 
molecules. Dr. Harold S. Johnston of the University of Cali- 
fornia at Berkeley and an adviser to NASA estimates that an 
SST fleet using conventional jet engines might reduce global 
ozone by about 15 percent. Dangerous levels of ultraviolet ra- 
diation could reach ground level from space—a catastrophe 
that nations have recently sought to avoid by banning ozone- 
attacking chemicals such as chlorinated fluorocarbons 
(CFCs) and bromide compounds. According to NASA reports, 
at these altitudes, NO, emissions also have the potential of 
altering stratospheric circulation and climate. 

Cutting NO, emissions five- to tenfold would reduce the 
ozone loss to a few percent, says Johnston. Another option, 
he suggests, may be to fly somewhat lower in the strato- 
sphere, though the denser air at these altitudes would limit 
the aircraft to relatively lower supersonic speeds. “It is 
known through computer modeling that above twenty-one 
kilometers NO, can produce strong ozone decreases in the 
stratosphere, and that below twelve kilometers no ozone de- 
crease is likely.” 

In the face of these variables, NASA has launched a five- 
year $284 million High-Speed Research Program to deter- 
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mine if advanced SSTs could be environmentally feasible 
and, if so, at what price. Airplane builders will be closely 
watching the space agency's progress. The scientists and en- 
gineers at NASA Lewis and other research centers are a 
long way from building an ultra-low-NO, engine, to say 
nothing of flying it. But NASA does have a timetable for its 
SST research: The agency hopes that low-NO, combustion 
under the conditions required for supersonic cruise can be 
demonstrated in laboratory test hardware by the end of 
1991. If the theoretical methods prove out, then the next 
goal is to build real-world combustor hardware by the end of 
1995 and install it in test engines. "The environment," says 
Niedzwiecki, ^is not a negotiable item." 

But that target is based on a working assumption about en- 


vironmentally acceptable levels for NO,; other scientists аге - 
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working on further defining what’s safe for 
the atmosphere. 

Tucked in a corner of a nondescript 

building on the far side of Cleveland’s 

Hopkins International Airport is 

NASA's “high- pressure and 

temperature square-wave flame 

tube” designed to probe secrets 

of combustion. The heart of the 

rig— wired up to sensors and 

computers—is a chamber the 

size of a thick dictionary. Dur- 

ing the next 18 months, video cameras will peer through 

transparent quartz windows, and lasers and spectrometers - 

will be trained at the fiery cavity and its exhaust outlet as 

combustion and emissions experts strive to devise a way of 


. combining kerosene and oxygen, as all jet engines do, while 


producing a minimum of NO, as a byproduct. 

In an optimal oxidation process everything burns—every 
molecule of fuel combines with the right number of air mole- 
cules. “Lo and behold, when we have the perfect mixture for 
combustion, we have the highest amount of NO,,” Niedz- 
wiecki laments. How can scientists hope to inhibit NO, 
emissions dramatically if they are the natural result of any 
combustion? “Essentially,” Niedzwiecki concludes, “we want 
to operate as fuel-lean or as fuel-rich as possible.” Niedz- 
wiecki and his colleagues at NASA Lewis, and researchers 
around the nation, are focusing on three complex engine 
technologies that mix fuel with air at different stages and 
rates as they pass through the engine’s combustors. 

Lean pre-mixed/pre-vaporized combustion: 

The challenge in this research is to optimize all the 
steps—air-to-fuel ratios, uniformity of the air-fuel mixture, 
speed of vaporization, and especially the speed at which the 
mixture flows through to the combustion zone—all of which 
occur in a few milliseconds. Standard jet-A kerosene is 
mixed with air upstream of the combustion zone, vaporizing 
it to a gas. Combustion takes place further downstream and 
is completed as quickly as possible. 

Rich-burn/quick-quench/lean-burn combustion: 

This would be a two-stage engine that controls NO, by 
taking advantage of the low rate at which it forms in both 
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extra-rich and extra-lean air-fuel mixtures. An oxygen-defi- 
cient fuel-rich mixture is fed into the engine. Without suffi- 
cient oxygen to complete the burning, NO, reactions proceed 
slowly. Aside from being inefficient, partially burned gas 
can't just be dumped into the environment, so additional air 
is added in a second stage of combustion to complete the re- 
actions as quickly as possible. In a variation on this technol- 
Ogy, a bit of a twist called "catalytic oxidation" might be ap- 
plied. Instead of having perhaps 20 to 80 percent more fuel 
in that fuel-rich first stage, there would be 300 to 900 per- 
cent more. Air would then be injected into the fuel to vapor- 
ize completely and partially oxidize, or burn, it. The mixture 
wouldn't burn under ordinary conditions, so it would be 
passed through a monolithic ceramic catalyst. The result 
would be a highly reactive but partly combusted gas. Out 
comes carbon monoxide, out comes hydrogen, and out come 
hydrocarbons, all of which would be burned in the second 
stage in the engine. 

Combustion exhaust additives: 

In the 1970s and '80s scientists found that mixing certain 
elements or compounds with the exhaust emitted by indus- 
trial furnaces could dramatically reduce NO, levels. The 
problem is that the additive-driven reactions are relatively 


slow. Factories and power plants give the gases and addi- 
tives time to react by feeding them through smokestacks 
—hardly appropriate devices to hang on the back of a jet. 

In a chemical-additive method, called a re-burn cycle, a 
compound is dumped into exhaust to transform the NO, 
into safe, inert elemental nitrogen. Ammonia is the ingredi- 
ent typically used, but it's too slow for use in jet engines. 
Low-NO, jet researchers are hunting for those magical ele- 
ments or compounds that will react quickly with the NO,, 
but don't need to be carried in quantities. To further avoid 
having to carry and consume too much of the additive, such 
technology would probably be used as an adjunct to one of 
the other engine systems. 

In judging the efficacy of these various technologies the 
touchstone measurement for the combustion researchers is 
the "emissions index," which tells them how many pounds of 
a pollutant are produced per thousand pounds of fuel. In the 
1970s, technologies were available to reduce the NO, emis- 
sions index by 30 percent; today's goal of a 90 percent reduc- 
tion is much more difficult. “If we can do that," Niedzwiecki 
concludes, ^we will achieve our emissions index goal of be- 
tween three and eight grams of NO, per kilogram of fuel." 

Meanwhile, study proceeds apace on a variety of other 


Anyone who has heard an aircraft flying 
faster than the speed of sound will remem- 
ber its nerve-shattering ba-boom and the 
accompanying rattling—sometimes shatter- 
ing—of windows. 

The big bang is caused by a cone- 
shaped shock wave (below) that trails con- 
tinuously behind an aircraft traveling super- 
sonically. Actually, a pair of closely spaced 
shock waves are generated at the air- 
plane's nose and tail. They cause a sudden 
and brief rise in air pressure, followed by a 
quick decompression below atmospheric 
pressure, then a return to normal pressure. 
| Represented on a graph, these pressure 
| gyrations trace a pattern resembling the let- 
ter "N" and deliver a chest-thumping double 
boom that is felt as well as heard by people 
| on the ground as the sonic "footprint" pass- 
es over them. 

The amount of sheer racket in a sonic 
boom is mostly dictated by the speed of 
the aircraft. In the Mach 2.5 to Mach 3.2 
range that some designers project for a 
next-generation SST, the faster the flight, 
the louder the boom. The plane's altitude 
| also affects the noise level on the ground. 
In this case, a higher altitude is better, as 
some of the shock waves are deflected up- 


ward by the atmosphere and never reach |. 


the ground. 


== 


SONIC BOOM: HIGH-SPEED FOOTPRINTS 


Two subtler variables affect the degree to 
which a boom provokes public 
aggravation: the airplane's physical vol- 
ume and the way in which lift is distributed 
across the airframe to support its weight in 
flight. A “low-boom” SST would have both 
its volume and lift widely distributed, a 
mandate that results in a long needle- 
shaped fuselage with lifting surfaces be- 
ginning almost at the aircraft's nose, then 
gradually increasing in area and blending 
into the major wing. 

Boom investigators at the NASA Langley 
Research Center in Hampton, Va., are re- 
producing tailored sonic booms using a lit- 
tle room containing a chair and a wall that 
is full of large loudspeakers. The most im- 
portant factor in a boom wave form is rise 
time—how quickly it builds up to peak pres- 
sure, according to Dr. James C. Yu, assis- 
tant chief of the acoustics division at Lang- 
ley. "One of the things we've learned," he 
explains, "is that instead of having the over- 
pressure build up very quickly, as it does 
with fighter planes, you distribute the lift 


and volume in such a way that you have a 
much longer rise time to peak pressure. 
This shifts most of the acoustic energy gen- | 
erated in the sonic boom to a lower-fre- | 
quency range, which is less annoying to 
people." 

Some observers feel that boom reduction 
sufficient for overland supersonic flight may 
remain elusive. Malcolm MacKinnon, Boe- | 
ings manager of high-speed civil transport | 
design and development, writes that even | 
in the future, subsonic overland speeds will 
be inevitable unless research yields unex- | 
pectedly large gains in boom reduction. 
—Stuart F. Brown 


SONIC PRESSURE GYRATIONS 


fronts. Boeing and McDonnell Douglas, as part of an SST 
feasibility study, identified significant advances that should 
be possible in 10 to 15 years, such as engines with simpler 
and lighter structural designs that exploit the high-tempera- 
properties of new composite and metallic high-tempera- 
ture materials [21st Century Hot Jet Engines,” June '90]. 

New high-temperature-resistant low-weight materials al- 
so enter the SST arena as airplane builders ponder various 
SST configurations. As a rule of thumb, extensive use of 
composite materials can trim the weight of a new plane by 
about 20 percent compared with traditional metal-alloy con- 
struction. “Airframe material choices depend on the speed 
you want to fly, which determines the temperature the air- 
frame reaches due to friction," explains Bruce Bunin, man- 
ager for advanced commercial programs at Douglas Aircraft. 

"The spectrum of likely materials runs from a high-tem- 
perature aluminum to composites being developed that use 
high-strength carbon fibers in a matrix of polyimide or bis- 
maleimides polymers," Bunin explains. ^As temperatures get 
up into the 600-degree-Farenheit range you see at Mach 
three, the choice might be a metal-matrix composite of sili- 
con-carbide fibers embedded in rapidly solidified aluminum. 
Parts of the airplane, such as the wing's leading edges and 
around the engines, will go to even higher temperatures 
during flight. Titanium-matrix composite material would be 
a candidate there, although it gets expensive. We've gained 
a lot of experience with these titanium composites through 
our work on the National Aero-Space Plane." 

Supersonic laminar airflow control is being studied with 
the hope that careful refinements in aircraft shape, possi- 
bly combined with a powered suction system that pulls in 
air through tiny pinholes in the plane's skin, can be used to 
reduce drag by minimizing turbulence in the air passing 
over the SST's surface. NASA recently conducted tests suc- 
cessfully of a suction system installed in the wing of a con- 
ventional jet airliner. These technological developments 
would improve the efficiency of supersonic airliners, help- 
ing their fares compete with subsonic airline ticket prices. 


researchers (see box). Designers of a low-boom SST will 

have to do much more than simply create a shape with 
the appropriate volume: and lift distributions. To keep fuel 
consumption reasonable, they must also pay attention to 
minimizing aerodynamic drag. The process will involve a lot 
of tradeoffs and compromises. Aircraft optimized for either 
lowest boom or lowest drag have fairly different shapes; a 
workable solution must marry elements of both. 

Booms, however, aren't the only aural offense committed 
by SSTs. Jet noise produced during airport taxiing, takeoff, 
and climb to altitude is the other sonic demon engineers 
must tame. Engine builders General Electric and Pratt & 
Whitney are working on a range of designs that dampen tur- 
bine roar by mixing quieter low-velocity ambient air with the 
high-velocity gases roaring out of the turbine. The trick for 
designers is to achieve the maximum noise reduction while 
paying a minimum penalty in lost thrust from the engine. 

In the late. 1960s American SST researchers paid a one- 
percent lost-thrust penalty for every decibel of sound reduc- 
tion. Current technology has doubled noise reduction for each 
percent of thrust forgone, but NASA's goal is to double that 
again to four decibels less noise for a one-percent thrust sacri- 
fice, says Dr. James C. Yu, assistant chief of acoustics division 
at the NASA Langley Research Center in Hampton, Va. 

The variable-cycle engine design General Electric devel- 
oped for the ongoing Air Force Advanced Tactical Fighter pro- 
gram could lend itself to quiet operation on and near the 
ground. These engines operate both as relatively quiet low-al- 
titude turbofans and as turbojets that permit efficient super- 
sonic cruise at high altitudes, where engine noise dissipates 


$ onic boom reduction is another area that has captivated 


before it can offend the public ear. GE's engine uses variable- 
area bypass injectors and a retractable exhaust-noise sup- 
pressor, which is extended during takeoff and landing. The 
doorlike mechanisms work together to insert a stream of cool- 
er engine-bypass air into the column of much hotter high-ve- . 
locity exhaust exiting from the turbine core. Turbulent mix- 
ing of the two flows occurs, slowing down the gases and 
inhibiting the formation of aggravating low-frequency noise. 

Work on this successor to the Concorde will proceed, at- 
tended by the need for technological tradeoffs. Researchers 
must reconcile the SST hallmarks of high speed and alti- 
tude with reality. Reality, in the form of the public's envi- 
ronmental awareness and its demand for fuel efficiency 
and reasonable transoceanic airfares, may just prove to be 
too much for this project. 


WING 


Forget the familiar 
fuselage and tail—just 
fill a wing with people and 
angle it into the airflow. 


BY STUART F. BROWN 


he dream of an airplane that's a wing and lit- 
tle more has tantalized aeronautical engineers 
for many decades. Pioneering designer John K. 
Northrop began researching flying wings in 
1928, and from 1940 to 1950 he built a series 
of them that gripped public imagination. The 
concept is alive and well; the company bearing 
Northrop’s name builds the controversial B-2 
stealth bomber, a flying wing designed for minimal de- 
tectability by radar. 

But what about an oblique flying wing—a flying machine 
that not only lacks a fuselage, but doesn't even travel 
straight ahead? According to its developer, Robert T. Jones, 
"People aren't trained how to think about an airplane like 
this. Engineers immediately conjure up all sorts of prob- 
lems—which is what I did at first. It took me a long time to 
think it through, but after working on the idea for forty 
years, the problems have gone away for me." 

The eminent aerodynamicist, recipient of many distin- 
guished awards, including the Smithsonian Institution's 
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At his California home, aerodynmidst Robert T. Jones demonstrates the 
flight-worthiness of the oblique flying wing with a balsa-wood model. 


Langley Medal for extensive contributions to theoretical 
aerodynamics, only began garnering the attention of people 
in the aeronautical world at the close of World War II,when 
it was discovered that the Germans had been testing theo- 
ries on sweeping aircraft wings aft to achieve supersonic 
flight. Jones's presentation of similar calculations and wind 
tunnel test results in 1945, while working at the Langley 
Memorial Aeronautical Laboratory, were initially ignored. 
Nevertheless, his discoveries would revolutionize the con- 
figuration of aircraft. 

In essence, he found that a dramatic change occurs in the 
airflow around a high-speed airplane as it thunders past 
the speed of sound. The streamlines seen in supersonic 
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wind tunnel tests begin to follow straight lines, outlining a 
cone-shaped shock wave that has its tip at the plane's nose. 
If the Mach cone trailing back from the nose of an airplane 
flying supersonically cuts across its wing tips (see diagram 
opposite page), shock waves can batter the wings severely 
enough to cause them to disintegrate. The faster an air- 
plane flies, the narrower its Mach cone, therefore the fur- 
ther back its wings ought to be swept, Jones concluded. 

In addition, Joness work showed that a swept wing had 
only one-tenth the drag of a straight wing at Mach 1. He 
went on to prescribe the delta wing for aircraft flying closer 
to Mach 2. Current swing-wing aircraft such as the F-14 fight- 
er exploit these principles to obtain good lift from straight 
wings at takeoff and low drag from increasingly swept wings 
as the aircraft accelerates through the sound barrier. 


ones became interested in looking beyond delta wings 
after the 1947 discovery by aerodynamicists Wallace D. 
Hayes and Theodore von Karman at the California In- 
stitute of Technology that swept wings theoretically should 
have the same drag regardless of whether they are going 
forward or backward. This model, called the reversed-flow 
theorem, says Jones, meant that an arrow-shaped wing, 
traveling point foremost, couldn't be the single-best config- 
uration because the same triangular shape traveling broad- 
base forward, according to the theorem, would have equal 
drag performance. 

Ás a result, he approached the problem of discovering 
the true optimum wing configuration from the premise that 
the most efficient wing would look the same coming or go- 
ing. His calculations led him to conclude that a single 
shape—the long, narrow ellipse—delivered the best lift-to- 
drag ratios from subsonic speeds all the way to Mach 2. 
The only modification necessary was to have it assume an 
oblique direction during flight above Mach 0.8. This would 
keep its leading edge behind the Mach wave trailing from 
its forward tip. Thus the oblique wing concept was born. 
Jones soon went on to discard the fuselage and tail alto- 
gether and concentrate on oblique flying wings. 

Jones first tossed oblique flying wing models into a room 
full of people at the 1958 International Congress of Aero- 
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ways to the airliner’s direction of flight in rows of seats ! | | | 
from front to back of the craft. Lightweight arch-shaped strut- At supersonic speeds, Mach lines, or straight shock waves (be- 
iard calls with right Бе Diae ds ڪي‎ | load-bearing low), angle back from an aircraft's nose. If the Mach line crosses 
hors. li т ше hold К ks and veri | the wing, an abrupt pressure rise occurs at the wing's leading 
> nding gear, baggage 5, ,ü 5 edge, followed by a sharp pressure drop ending suddenly at the 
componentry are in the areas surrounding the passenger cabin. trailing edge. The result is a sonic boom and a roughly tenfold in- 
crease in drag. When the airplane's wing is swept behind the Mach 
nautical Sciences in Madrid. “I flew them at a cocktail par- line, however, positive pressures at the leading and trailing edges 


ty. The Russians were there, the head of NASA was are balanced by negative pressure underneath it, minimizing drag. 


there... .Oh, it was fun,” he recalls. “I gave a talk on super- 
sonic wing design, and I explained the theory of the oblique 
ellipse, which I had developed in 1952.” 

At the next congress in 1962, Dietrich Kuchemann, the 
Concorde’s chief designer, presented a paper on plans for 
the new airliner. Its narrow delta wing wouldn't have 
enough span to fly efficiently at low speeds, so the plane re- 
quired a noisy afterburner assist to get off the ground. 
Hence, about 40 percent of its fuel load would be needed for 
takeoff, climb, and reserve. Godfrey Lee, a well-known en- 
gineer associated with the British Handley-Page Aircraft 
Co. who had been enthusiastic about the oblique wing mod- 
els in 1952, pointed out that an oblique flying wing design 


might save enough fuel to double the Concorde’s payload. Robert T. Jones explained this phenomenon in the 1940s when 
“But at that time no experimental confirmation of the theo- he showed through wind tunnel tests that a swept wing (below) 
ry was available, so it’s not surprising that such a concept actually responds to the lower velocity of the airflow that it experi- 


ences at right angles to its leading edge. Even though the wing's 


s rej " Jones recalls. ! 
was rejected," Jones reca speed is supersonic, it behaves as if it were flying subsonically. 


unding for oblique wing research has had its ups and ^ 
downs over the years, as will any project that chal- "X 
lenges the current definition of how a good design WIND TUNNEL Fi 
should look. By conducting tests over the past 20 years, | / | 
and by funding projects at Stanford University in Stanford, | ^ Р 6 
Calif., the NASA Ames Research Center in Mountain View, | "— y7 ji 
Calif., has played a central role in the oblique wing's histo- | Р; "i 
ry. Jones retired from NASA Ames in 1981 as principal en- AT 9O DEGREES P „2 


gineer after a long and distinguished career. 

The most visible outcome of the work at Ames is the AD-1 
research aircraft, a low-speed lightweight jet designed by 
Burt Rutan under a NASA contract to explore the flight be- 
havior and controllability of a pivoting oblique wing mounted 
atop a conventional fuselage. Testing proved the AD-1 to be a 
well-behaved and fuel-efficient plane. NASA pilot Tom McMur- 
try made demonstration passes at a recent Oshkosh air show 
with the wing yawed at its maximum angle of 60 degrees. 

Real-world oblique-winged airplanes with conventional 
fuselages have also been the subject of two major studies, 
one of them conducted for NASA by Boeing in the 1970s. It 


[Continued on page 90] 
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Advanced photovol- 
taics combined with 
shrewd racing tactics 
earned a victory for 
the collegiates over 


the corporates in the 
1990 World Solar 
Challenge. 


or à few days every third year, Darwin, the seaport 
capital of Australia's Northern Territory, becomes 
= home to the world's solar energy elite. Idealists, scien- 

tists, inventors, engineers, and dreamers gather there 
for the start of a race through a wild and remote land, driv- 
ing cars that run on nothing but the one kilowatt per square 
meter of solar radiation that the sun donates to a largely 
uninterested world. 

The race route is mapped from north to south through the 
center of Australia on the Stuart Highway, across almost 
1,900 miles of arid, forbidding countryside. During the first 
running of this event, in 1987, an unrelenting sun and 115- 
degree-F heat made conditions ideal for solar vehicles but 
hellish for humans [*Chasing Sunraycer Across Australia,” 
Feb. '88]. The 1990 World Solar Challenge posed different 
obstacles for the sun-pow- 
ered racers, though, as 
uncharacteristically cool 
weather arrived, with 
days of photon-blocking 
cloud cover, occasional 
bursts of torrential rain, 
and a maddeningly per- 
sistent head wind of 12 
to 18 mph. 

Even before the com- 
petition began, there 
were performance tests 
for the 36 vehicles that 
would be racing to Ade- 
laide on Australia's south- 
eastern coast. First, each car was driven on Darwin's local 
race track so that scrutineers could check brakes and han- 
dling. Then the vehicles completed test runs to establish 
their starting-line positions. 

Every entry also had to run the gauntlet of a Northern 
Territory road train. These monsters, used to transport 
goods in and out of isolated Darwin, consist of three 40-foot 
trailers connected to a semi-trailer tractor of theatrical pro- 
portions—the entire rig is 180 feet long and weighs 130 tons 
fully laden. Most are powered by 800-horsepower diesels, 
geared to rocket along at 90 mph. À road train's wind wake 
has to be experienced to be believed. 

One by one, the fragile, lightweight solar racers were driv- 
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As the solar cars gathered 
along Darwin's waterfront 
for the start, the local sym- 
phony orchestra, booked for 
a stylish breakfast by IBM, 
was moved indoors when 
rain began to fall. Team 
members stretched blue 
plastic tarps over their cars 
and huddled under umbrel- 
las as a few feeble rays of 
sunshine valiantly attempt- 
ed to pierce the clouds. 

“It’s better down south,” 
was the word of the moment, spread by the local meteo- 
rological office. 
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ith that promise, the race immediately began 
shaping up as a contest of strategy. Those teams 
running telemetry between the race car and its 
support vehicle programmed the day's energy requirements 
based on the encouraging weather forecast, drawing deeply 
on battery charge to escape the local conditions and quickly 
reach the replenishing sunshine promised farther south. 
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Highly efficienct solar cells used by the Biel, Switzerland, team result- 
ed more from construction methods than advances in chemistry. A 
laser-cut groove allows the electrical contact to be buried, so the col- 
lector area is unobstructed. Also, a laser-cut pyramid texture on the 
cell's top surface reduces losses due to extemal or intemal reflections. 


Those without telemetry de- 
cided to make their calcula- 
tions as they traveled. But 
all the teams were deter- 
mined to rid themselves of 
the pernicious power-sap- 
ping clouds as soon as possi- 
ble. An Australian flag was 
waved, and the cars zipped 
silently away. 

Crowds jockeyed for better 
vantage points, anxious for a 
glimpse of cars like the low- 
slung Star Micronics-spon- 
sored Solar Star, a vehicle 
that has won almost every 
solar car race in Europe. And 
there were other cars like the 
entry of Detlef Schmitz, a 
German who has gained 
fame as "the suitcase man." With limited funds, Schmitz 
brings his race car dismantled and packed in suitcases (he 
came in 1987 too). This year he also brought his wife and 
four-year-old daughter so that he could get more suitcases 
full of car onto the plane. 

High interest levels in Japan drew corporate competitors 
from Hoxan Corp., Kyocera Corp., and Semiconductor En- 
ergy Laboratory, plus another manufacturer with consider- 
able experience in motor sports—Honda Co. Ltd. 

Entries from the United States included the top three fin- 
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ishers from the General Motors-sponsored Sunrayce USA 
(“Sun Racers," Aug. '90] and various university teams. 
General Motors' Sunraycer, which won the inaugural 1987 
event, is now in the Smithsonian Institution's collection, so 
the auto maker's participation focused on underwriting 
travel costs for the University of Maryland, University of 
Michigan, and Western Washington University teams. 
D: equally among the two-seaters (which were al- 

lowed to use larger solar arrays) from Western Wash- 
ington University and Missouri s Crowder College, the stun- 
ningly aerodynamic University of Michigan Sunrunner, and 
the occasionally troublesome, but brilliantly engineered, 
Maryland car. 

Many chose Honda as the clear favorite; with delicate 
wind tunnel beauty, minimal weight (309 pounds), and an 
Epson computer management system, the Honda Dream 
looked unbeatable. In part, its light weight represented a 
gamble on both good weather and the ability to get by with- 
out a peak power tracker, an electronic energy management 
device that keeps the solar array operating at peak efficien- 
cy, though at a slight cost in electric energy. Honda's strate- 
gy entailed using manual control and telemetry data from 
the support vehicle to manage power output. Low weight 
was also achieved by installing just two kilowatt-hours of 
batteries onboard instead of the full five kilowatt-hours al- 
lowed under the rules. | 

Meanwhile, in the second starting position on the grid 


re-race favorites among the American teams were 
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EE, — E ' was the car from the Engineering School of Biel, Switz- 
| erland—Spirit of Biel/Bienne II—in the astonishing bright 

Wraps come off the graceful racer of paintwork of sponsor Swatch. The Swiss car's solar array 
Japan's Semiconductor Energy Laborato- II. used monocrystalline silicon cells manufactured by Telef- 
ry, top. The Australian Energy Re- —— unken Systems Technik of Germany, based on technology 
search Laboratory entry, above, developed in Australia by Martin Green, an electrical engi- 
finished sixth, despite a low-effi- neering professor at the University of New South Wales (see 
ciency array and minimal battery box). Green’s design employs microlaser grooves to bury the 
reserves. Hoxan’s Phoebus, below, electrical contacts below the cell’s surface, and a laser-cut 
was dubbed the Stealth by observers surface texture to capture photons and minimize light re- 
as soon as it appeared in Darwin. flection from the cell surface. The result is a solar array that 


E produces about 20 percent more power than the panel 

5s (furnished by Japanese solar energy leader Hoxan) used 

by Honda's entry (an average of 980 watts versus 800 
watts, based on actual race performances). 

The Telefunken cells convert about 17 percent of 
the energy from sunlight to electricity—exceptionally 
high for the space-grade single-crystal silicon cells. 
These cells usually average from 14 to 15 percent and 
are far less expensive than the exotic gallium arsenide 

© cells used by GM's Sunraycer in 1987. Another Tele- 
funken innovation was to develop an overlapping 
mounting system for the cells, akin to shingles on a 
; house. This results in better coverage of the array 
S. surface than a simple butted mount because the area 
23 of inactive cell edges is reduced. The Swiss panel had 
96 percent coverage by active solar cells, the best in the 
race. Some of the entries used less expensive polycrystalline 
cells with about 11 percent efficiency, resulting in less power 
and lower speeds. 

As the race began, journalists with a working knowledge 
of Darwin's roadways watched the last of the 36 starters 
disappear from view and took to the back streets in an at- 
tempt to head off the cars several miles south of town. They 
failed. The cars were so swift running in their hunt for the 
sun that even the quickest drivers of the press corps still 
had to join the queue of race cars, support cars, and onlook- 
ers that had formed the first traffic jam in Darwin in three 
years—since the last World Solar Challenge. 

By mid-morning the race looked as though it would be as 
quick or quicker than the 1987 event. Sure enough, the 
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skies became clear and almost blue. At Hayes Creek (popu- 
lation: 2), some 101 miles south of Darwin, the massive 
Western Washington University (WWU) Viking XX was in 
the lead, closely followed by the Honda Dream, Michigan's 
Sunrunner, and the Spirit of Biel/Bienne II. The town of 
Katherine, almost 200 miles from Darwin, saw the WWU's 
Viking XX holding its lead with Biels car entering the 
mandatory pit stop seconds later. They were followed by the 
cars from Honda, Michigan, Crowder, Hoxan, the plucky 
Australian Energy Research Laboratory (AERL), and the 
Northern Territory University entry (and local favorite), the 
Desert Rose. The Desert Rose also used a handful of Green's 
laser-grooved cells—hand made only days before the event 
started. 

By the end of the day, the distance between the cars 
jockeying for the lead had lengthened. Spirit of Biel was 
now in the lead, followed by Michigan, WWU, Honda, 
Crowder, Hoxan, AERL, and Northern Territory University. 
Despite poor weather, the Biel car had broken Sunraycer's 
1987 first-day record by a few miles. 

As the race drew to a close on day one, the cyclonic 


weather in Darwin traveled quickly south and erupted - 


over almost half the field of competitors. Rain falls so 
heavily in this region that it not only blocks out the sun, it 
almost appears to fill the gaps between the oxygen and ni- 
trogen molecules of the atmosphere. Water two inches 
deep on the highway caused handling problems for the 
lighter cars, while lightning replaced sunlight to become 
the only means of visibility. Few of the cars 
caught in this storm were able to make up 
the lost distance over the next five days. 
R teams were allowed to remove the solar 
array from the car and hold it up to the 
setting sun to gather the last few kilowatt- 
hours of charge for their depleted batteries. 
Other team members would set up camp at 


the side of the road. The Stuart Highway is 
like that; it’s possible to camp beside the road 


acing stopped each day at 5 p.m., when 


University of Michigan's Sunrunner, winner 
of last July's General Motors-sponsored 
Sunrayce USA, whooshed through the out- 
back to a third-place finish. Below, the 
Japanese CSK Simon 90 exemplifies the 
variety of forms that appeared for the 
Australian race. 


for almost its entire length. For journalists covering the 
race, driving north and then south to check on the cars hold- 
ing the first eight places was a 300-mile round trip. 

Day two saw seven hours of heavy cloud cover—hardly 
ideal for solar car racing. Yet by the end of the day, the Biel 
car, with its superior solar cells and in-house designed-and- 
built motor, had traveled a total of 672 miles south of Dar- 
win. Honda’s entry managed to finish the day with 574 
miles, and Michigan, 560. So intense was the competition, 
that the Hoxan team delayed its start the next morning by 
one hour to gather extra charge for the car’s batteries. 

At dawn on the third racing day, the Biel team parked a 
few miles north of Devil’s Marbles, unusual rock forma- 
tions scattered about the barren landscape, and a few 
miles short of the 1987 Sunraycer’s distance. As the cars 
hummed south, team veterans of the first World Solar 
Challenge noticed one major change in the outback—the 
number of solar-powered telephones and microwave com- 
munications towers had grown dramatically. A phone call 
from the traveling Iterra satellite phone confirmed that 
Australia's Telecom now has two megawatts of solar cells 
installed for maintenance-free communications power in 
the outback. 

By this point, the race had settled into three camps: First 
came Biel; followed some distance back by Honda, Mich- 
igan, Hoxan, and Western Washington, all traveling close 
together; then another gap to the rest of the cars, scattered 
along the highway almost to Darwin. As happens in many 
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groups of people living in an isolated environment, rumors 
started and spread like a brush fire. A Honda spokesman, 
when asked why the car was not performing as well as ex- 
pected, cast doubts on the performance figure quoted by 
Hoxan for the solar cells supplied to Honda. In desperation, 
the Honda car had taken to traveling on the wrong side of 
the road, whenever possible, to tilt the car on the camber of 
the road a few precious degrees toward the sun. 

When high, white clouds prevail and patches of clear sky 
permit the sun to break through, the typical one kilowatt 
per square meter of energy from the sun increases dramati- 
. cally. This is caused by light bouncing off Earth to the un- 
derside of the clouds and back down to Earth, adding to the 
sun's direct rays. 

The Biel team, constantly monitoring sunlight from its 
support vehicle, recorded occasional bursts of 1.5 kilowatts 
per square meter and one 10-second burst of 1.8 kilowatts 
per square meter—a record. 

Tragedy struck the Danish Grundfos team. A twister 
(called a willy-willy by the locals) picked up the lightweight 
entry and threw it 100 feet down the road, smashing the car 
beyond repair. 

By the end of the fourth day, the round-trip mileage for 
journalists who were now tracking each of the first five cars 
increased to 770 miles. The entire event expanded to almost 
1,000 miles of the Stuart Highway. The Stuart may be a 
main route, but it can hardly be called busy because the lo- 
cal population is so small. One passing trucker commented 
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Honda's lightweight and aerodynamic Dream, thought to be a shoo-in, finished second after losing time to a broken axle and miscolculating race strategy. 


that the race cars and their support crews constituted 50 
percent of the entire traffic on the highway. 

Green, who had achieved guru status by day four, had at- 
tended the start of the race to check the Hoxan car’s cells. 
Hoxan claimed to have laser-grooved cells, and Green want- 
ed to make sure that patent infringement hadn't been com- 
mitted. None had. Naturally, he was pleased that the Biel 
car was in the lead. 


W hen the Biel car crossed the finish line at 1:15 p.m. 
on Nov. 16, the Swiss team was jubilant, having - 
™ traversed the Australian continent in 5'» days at 
an average speed of 40.74 mph. According to Biel team 
leader Dr. Fredy Sidler, the energy efficiency of the car was 
equivalent to traveling the 1,900-mile course on less than 
1% gallons of gasoline. The only disappointment for the Biel 
team was that the General Motors Sunraycer’s 1987 race 
time and 41.6-mph average speed remained unbeaten. 
Honda arrived less than 24 hours later, at 12:43 p.m. on 
Nov. 17, averaging 34.17 mph. Traffic, battery reserves, and 
steep hills had a hand in the close finish of the next three 
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Brian Woodward is ап Australian automotive journalist 
based in Sydney whose work appears in Car Australia. 
Chester Kyle, Ph.D., is the founder of the International 
Human Powered Vehicles Association and was a consult- 
ing engineer on the General Motors' Sunraycer. 
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ilbert Hyatt usu- 
ally kept the cur- 
tains drawn at 
his quarter-acre- 
lot home in La 
Palma, Calif. 
The 52-year-old 
electrical engi- 
neer left for work early, drove his 
19777 Toyota Celica to a secretive labo- 
ratory site, and returned late. When 
he worked at home, a personal copier 
was his most-used appliance, while a 
battery of metal filing cabinets con- 
sumed kitchen space. 

Last autumn Hyatt's neighbors 
were surprised to discover that they 
had a reclusive inventor—an elec- 
tronic Thomas Edison, no less—in 
their midst. The awarding of the lat- 
est of Hyatt's 60-odd patents, for the 
single-chip microcomputer, shocked 
semiconductor companies and trig- 
gered international headlines. Micro- 
computers, computers-on-a-chip that 
have microprocessor circuits as 
central “brains,” now appear in every- 
thing from wristwatches to automo- 
biles, making the financial implica- 
tions of Hyatt's patent award 
breathtaking. 

History books say the microproces- 
sor was conceived between 1969 and 
1971 by Marcian E. "Ted" Hoff Jr., an 
engineer employed by Intel Corp. in 
Santa Clara, Calif. But the U.S. 
Patent Office revealed that 20 years 
ago, Hyatt was the first to file a 
patent application in this field. 

Microchip experts aren't sure 
whether the Hyatt patent is broad 
enough to cover the millions of micro- 
computer chips produced each year. 
Chip companies may challenge 
Hyatt's claim for royalties, especially 
if they believe they're too high. A 
nonexclusive license on, for example, 
three percent of the value of computer 
products sold would add up to a $210 
million fee for 1989 alone, according 
to industry analysts. 

Born on March 26, 1938, Hyatt 
grew up in Forest Hills, a middle- 
class section of Queens in New York 
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An obscure 
inventor's 
patent may 
rewrite 
microprocessor 
history. 


By MICHAEL ANTONOFF 


City. His father emigrated from 
Russia early in the century and 
worked as an engineer, designing part 
of New York's subway system. 

Dr. William Thompson, a Wash- 
ington, D.C., psychiatrist, has been a 
friend of Hyatt's since childhood. 
Thompson recalls an incident in the 
early 1950s in which Hyatt, then 
about 14 years old, and he, a few 
years younger, were on a bridge walk- 
ing to the Polo Grounds baseball sta- 
dium to see the New York Giants. "Gil 
suddenly said that I should be calm 
and not fool around. He realized that 
we were about to be robbed, and 
that's exactly what happened." A 
group of hooligans frisked them and 
robbed them of about $5. Hyatt was a 
study of composure. *Gil never got an- 
gry, never shouted—and we came 
away with our bodies and our souls." 


H yatt's calm in the face of person- 
al attack was a virtue that 
served him well in later life, 
Thompson believes. This was particu- 
larly true during the two decades in 
which others received the fame, for- 
tune, and credit for Hyatt's invention. 
During the 1970s and 1980s, says 
Thompson, “I never detected any bit- 
terness. Gil was more interested in 
pursuing his goals." 

At the age of 16, Hyatt’s family 
moved to Long Beach, Calif., where 
his brother had a job opportunity and 
his father planned to retire. Hyatt 
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majored in electrical engineering at 
the University of California at Berke- 
ley, graduating in 1959. He married 
that year and subsequently fathered 
three children. (Hyatt divorced in 
1975.) While working at Hughes 
Aircraft Co. in 1965, he completed a 
master's degree in electrical engineer- 
ing. It was the era of slide rules and 
pocket protectors, two accoutrements 
Hyatt admits sporting. 

At Hughes, Hyatt engineered spe- 
cial-purpose computer systems used 
to prepare missiles before launch. He 
next worked as a research scientist 
for Teledyne Inc., where computers 
played an increasing role in the com- 
pany's defense and aviation business. 
Hyatt says he realized at Teledyne 
that there had to be a better way to 
build computers than linking hun- 
dreds of microcircuits together with 
complete wiring. 

This led him to the large-scale-inte- 
gration (LSI) discipline, which packed 
many transistors onto one complex in- 
tegrated circuit (IC) chip. But Hyatt 
recalls that these designs misused 
LSI technology. The problem: The 
more transistors you put on a chip, 
the more pins, or signal lines, you 
needed to the outside circuitry. Large- 
scale integration resulted in an enor- 
mous number of pins per chip, using 
up the chip’s area and making it diffi- 
cult to interconnect and mount the 
microelectronic circuit. 

Back in the late 1960s, the small- 
est computers of the day were mini- 
computers. Minicomputers still used 
core memory, arrays of thousands of 
tiny magnetic-ferrite donuts threaded 
with wires. Core memory seemed es- 
sential because it could store pro- 
grams and data after power was 
turned off, and could also be written 
over. Unfortunately, core memory is 
bulky and expensive. 

Hyatt proposed solving these prob- 
lems with an integrated circuit com- 
puter. The architecture on the chip in- 
cluded: read-only memory (ROM) for 
program storage; random-access, or 
scratch-pad, memory (RAM) for alter- 
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Gil Hyatt’s microcomputer spinoffs: “I’m not inventing for the money." 


able storage; and integrated circuit 
logic for calculation. 

To relieve the congestion of pins on 
each chip, Hyatt thought to configure 
his input and output serially. In this 
way, the computer could transfer a 
16-bit data word—a fundamental unit 
of computer storage—along one line 
instead of on 16 lines. 


Hyatt left Teledyne in 1968 to de- 
velop this improved computer archi- 
tecture. “I couldn’t do it within a cor- 
porate structure,” he explains, 
contending that large companies sti- 
fle, rather than promote, invention. “I 
see the individual inventor or mid- 
night engineer as a very significant 
national asset,” he says. 


"I had to do a lot of research and 
development before I could present it 
to corporate people, anyway. Besides, 
aerospace was not the field to develop 
this in. I had industrial and business 
applications in mind.” 

At the time, his family lived in 
Northridge, a Los Angeles suburb. 
Hyatt converted a small bedroom to 
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an office, a family room to a 
lab and workshop. He found- 
ed a company called Micro 
Computer Inc. (MCI), which 
he trademarked. Later, the 
term microcomputer would 
become generic for desk-top 
and smaller computers. 

Using conventional inte- 
grated circuits available 
through distributors, Hyatt 
built a breadboard, a prelimi- 
nary development model of 
an electronic circuit, mount- 
ing electronic components 
into sockets on the board, 
and linking them with wrap- 
around wire. By 1969, the 30- 
year-old Hyatt had docu- 
mented all his connections, 
tested his circuits with an os- 
cilloscope, and completed a 
working prototype. Hyatt 
filed his patent application 
in 1970. 

MCI’s business plan called 
for a computer that could sell 
for well below $1,000 to com- 
pete with $10,000 minicom- 
puters, thus reducing the 
cost of a computer virtually to compo- 
nent level. 

According to Irving Hirsch, an ear- 
ly investor who became president of 
the fledgling company, Hyatt original- 
ly came to him with the concept of 
building a high-powered low-priced 
computer. In an age well before the 
appearance of the general-purpose PC 
or its storehouse of off-the-shelf soft- 
ware, says Hirsch, "We had a lot more 
to sell if we could offer a dedicated 
system incorporating that computer." 
And in the late 1960s, by far the most 
promising market was in industrial 
equipment control, using computers 
that didn't dwarf the mechanized 
tools themselves. 

MCI began developing numerical- 
control devices, which up to that time 
often used punched paper tapes or 
magnetic tapes to control machine 
tools and other equipment. The first 
product it manufactured was a ma- 
chine called the Conturama, a com- 
puter-governed photographic drafting 
device used to speed production in the 
printed-circuit-board industry. 

Hirsch brought in Los Angeles 
patent attorney Stuart Lubitz to 
serve as the company's legal counsel. 
In 1969 Lubitz, in turn, brought in 
other investors. These included the 
San Francisco venture capital firm of 
Hambrecht & Quist, and, as individu- 
al investors, Robert Noyce and Gor- 
don Moore, co-founders of Intel Corp., 
which was then a year-old memory- 
circuit manufacturer in Santa Clara. 
The area later became the center 
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“1 see the midnight engineer as a 
very significant national asset.” 


of what is now called Silicon Valley. 

With seed money from Hirsch, MCI 
rented a facility in Reseda, Calif. The 
company grew to eight employees. As 
the venture capital came in, MCI 
moved to a 10,000-square-foot shop in 
Van Nuys, Calif. At its height, MCI 
employed 25 people. 

In early 1971 the investors de- 
manded that Hyatt assign them the 
technology and any pending patents. 
Hyatt had been licensing his technol- 
ogy on an exclusive basis to MCI, and 
he would not alter that arrangement 
with the investors. 

The investors’ motivation is un- 
clear. Lubitz claims the investors 
were ready to put in another round of 
financing, but they first wanted the 
assurance of the assignment. Accord- 
ing to Hyatt, when the investors 
“tried to force me to change the exclu- 
sive-license agreement to an assign- 
ment, I refused, because I knew that 
their motives were to then sell it off.” 
Hirsch thinks Lubitz and his in- 
vestors should have gone along with 
the agreement that he and Hyatt had 
originally written. 


Ww ith funding cut off, MCI was 
forced to shut down in 
September 1971. Hyatt now 
believes that his microprocessor de- 
sign concepts may have leaked out to 
the industry through the investors. 
Noyce and Moore went on to turn 
Intel into one of the world’s leading 
microchip manufacturers. Moore and 
Intel’s general counsel, F. Thomas 


Dunlap Jr., were unavail- 
able for comment for this 
story. Noyce died last year. 
Hoff no longer works for 
Intel, but he reportedly 
maintains that he and his 
group of Intel engineers 
were ahead of Hyatt. 

Nevertheless, Roger Boro- 
voy, a Palo Alto, Calif., at- 
torney who was general 
counsel at Intel when it re- 
ceived the Hoff patent in 
1973, declared, “It [the Hy- 
att patent] spells trouble.” 

Howard High, Intel’s stra- 
tegic communications man- 
ager, says Intel’s legal de- 
partment is trying “to figure 
out if we're infringing or 
not. A hundred different pa- 
tents influence a micropro- 
cessor. If we feel we in- 
fringed, we will need to 
work out some kind of 
agreement. We're sensitive 
to people honoring intellec- 
tual property. We do not 
want to diminish Hyatt's 
accomplishments." 

After MCI shut down, Hyatt earned 
money as a consultant to the aero- 
space industry. He continued invent- 
ing and filing patent applications. 

Experts in the computer industry 
are divided on the merit of Hyatt's 
microprocessor patent. Mike Slater, 
editor of “The Microprocessor Report,” 
a newsletter published in Sebastopol, 
Calif., says, “It does appear that he 
has the earliest patent. He could 
make a comfortable income by accept- 
ing token amounts that are insignifi- 
cant to the big companies, but a nice 
living for him.” Asking for a signifi- 
cant amount, on the other hand, 
“could provoke an aggressive attack. 
He should be realistic. 

“I don’t doubt that he had the idea 
early on, but a hundred other people 
were thinking along the same lines. 
This guy spent all his time doing the 
patent paper work. He is being re- 
warded for being the first to file. In 
that regard, the patent system is fun- 
damentally counterproductive. Gil- 
bert Hyatt didn’t lead this industry. 
Other people put their effort into 
building products rather than writing 
patent applications.” 

Speaking in his Los Angeles law of- 
fice, Lubitz calls the Hyatt micropro- 
cessor patent “a real surprise.” He ex- 
claims, “No person associated with 
MCI had any suspicion or belief that 
he invented the microcomputer-on-a- 
chip during the period of his employ- 
ment from 1969 to 1971. The first 
time it became a possibility was when 
the patent was issued." 


Lubitz characterized Hyatt 
and the 20-year battle with 
the patent office this way: 
"His went beyond antlike 
persistence. It was fanatical 
persistence." 

^My strength comes from 
the fact that Гт an engineer 
and scientist and entre- 
preneur and a multi-disci- 
plined guy covering a bunch 
of technical areas," Hyatt ex- 
plains. "I'm not doing it for 
the money. I was given a gift 
to do certain things, and I’ve 
got to do them. That's my 
role in life." 

The nouveaux riches have 
a reputation for being osten- 
tatious. That's not Hyatt's 
problem, because he's still 
waiting for his first royalty 
payment. And it probably 
wouldn't make a difference 
anyway. The way Hyatt re- 
acts to being nouveau fa- 
mous, however, is revealing. 

After watching others re- 
ceive the credit over the 
years, Hyatt loves to photo- 
copy all the press he's now getting. 
He even makes fresh copies of ancient 
clips and chapters from old books that 
left him out of microprocessor history. 
He stuffs copies of bulky patents—his 
own and competitors—into oversized 
envelopes marked "priority mail," in 
response to requests for information. 


^| was given a 


Hyatt is just trying to be helpful, of 
course. But on some level the act of 
copying and stuffing seems a form of 
therapy for all those years of anony- 
mous perseverance . 

Hyatt has been negotiating recently 
with a major U.S. company that he 
expects will license several of his 


| gift to do certain 
things, and I’ve got to do them." 


patents. Once he has some 
money, Hyatt would like to 
help other individual inven- 
tors developing significant 
technology. 

To relax, Hyatt occasional- 
ly hikes in the San Gabriel 
mountains. But he says that 
what he really does for fun is 
"chase circuits with my oscil- 
loscope and pound away on 
the keyboard, describing my 
inventions and crossing 
swords with patent examin- 
ers over whether this thing 
is obvious or unique. That's 
a lot of fun." 

Hyatt explains his hours 
of effort *as a high-risk in- 
vestment or as a gamble. I 
am a little compulsive in 
that I’m so excited by these 
technologies that I put ev- 
erything I have into them. 
You could call it technologi- 
cal compulsion." 

Hirsch recalls when he 
and Hyatt first started out 
together 22 years ago: “I was 
forty-six and he was thirty. I 
told him he had about five years' 
worth of technical brilliance left, and 
then he'd better get into administra- 
tive work. Most technical people peter 
out after that age. He reminded me 
about that a few weeks ago and point- 
ed out that he was still coming up 
with new stuff." 


BATTING AVERAGES OF OTHER OBSCURE INVENTORS 


| There's a romantic notion that lone inventors are quixotic figures, 


toiling in obscurity only to charge into a patent system that mainly 
benefits big corporations. The ultimately victorious underdog, then, 
is the hero of American business mythology and numerous bad 
movies. And in this way, the Gilbert Hyatt case has inspired com- 
parisons with other figures who sought credit for their inventions. A 
few managed to rewrite history; most are mere footnotes. 


1ЕРНОМЕ Los Angeles Times columnist Michael 
tee Schrage pointed out that Hyatt barely 
missed becoming "the Elisha Gray of microprocessors." Gray, few 


| people know, submitted his patent application for the telephone a 


few hours after Alexander Graham Bell. 


Edwin Armstrong was an inventor of the super- 

i heterodyne circuit used to tune radios for 50 
years. After spending years in court battles with lawyers for a radio 
manufacturer, Armstrong exhausted his money and his stamina; he 
committed suicide. 
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One infringement suit that had a happy ending for 
: an unknown inventor involved the 27-year battle 
over r Gordon Gould's patents for gas-discharge lasers. The patent 
for the lasers, used for surgery and supermarket checkout coun- 
ters, among other applications, had been extensively infringed. 
Refac Technology Development Corp. in New York acquired 
Gould's patents in 1975 and worked out licensing agreements with 
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| AT&T, ІВМ, and General Motors, and іп 1984 established their legal 
validity. Refac's main assets are licenses to patents it acquires. 


Gould now receives a percentage of some $13 million in annual 
royalties and has become wealthy from his inventions. 


ТҮПҮТ Refac is continuing to press a suit against 
= ашы Lotus Development Corp., the Cambridge, 
Mass., software company, to license technology for an electronic 
spread sheet to which Refac has exclusive licensing rights through 
its acquisition of a 1983 patent granted to Canadian inventor Remy 
Pardo. Lotus makes the popular 1-2-3 spread sheet program. 


AMONDE Another dispute arose last autumn between 

researchers at General Electric's research‏ یاد ی 
canta in Schenectady, N.Y., and an obscure Boston inventor,‏ 
Russell Seitz. GE announced it had developed a method of making‏ 
gem-quality diamonds by combining chemical and high-pressure‏ 
processes [“Science Newsfront,” Oct. '90]. Seitz claims that a‏ 
patent he has on using the isotope carbon-12 in laser optical ele-‏ 


ments entitles him to both compensation and recognition for his | 
work. GE researchers say Seitz's patent was for a laser, not a dia- 


mond-manufacturing technique, that his publications simply specu- | 
lated about carbon-12 diamonds as heat absorbers, and that oth- | 


ers had published on the subject before Seitz. 


ETTTTTMMm Last fall inventor Robert Kearns settled a | 


j WIPERS 12-year patent dispute with Ford Motor 

нн Co., involving his intermittent windshield 

wiper. Ford agreed to pay him $10.4 million. Kearns, a former 

Detroit college professor, had demonstrated his windshield wiper to 
Ford engineers. The inventor has other suits pending.—M. A. 
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ACURA NSX .— 


ACURA NSX _ | 
FERRARI 348th 


PORSCHE CARRERA 4. EJA 


Porsche's Carrera 4 remains true to 
tradition with an air-cooled rear en- 
gine, but a reworked suspension 
tames the quirks of earlier 911- 
series cars. 
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liness among upper-crust sports cars, with re- 
fined road manners and an easy-entry interior. 


the introduction of the NSX, un- 
abashedly touted as a challenger to 
the long-established major league 


marques, is something of a watershed — 


for low-volume exotic sports cars. 
Unlike Ferrari and Porsche, which 
have roots in small local specialized 
companies that gained recognition by 
concentrating on racing cars, the NSX 
is a manufacturing and engineering 
tour de force of technology from a 
multinational company whose main 
interest is in high-volume cars for 
mass transportation. 

Honda’s effort thus starts with less 
mystique but more resources, and 
raises the promise that some technol- 
ogy, particularly the exotic use of alu- 
minum, will trickle down to the lower 
levels of its model lines. 

But if the NSX is 
presumptuous, the new 
twin-turbo 300-horse- 
power four-wheel-drive 
Dodge Stealth R/T 
Turbo at first seems 
downright boorish. 
The Stealth, and its 
Mitsubishi companion 
models, is a blunt 
charge at the main- 
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stream high-performance sports car 
market now dominated by the likes 
of Chevrolets Corvette and Nissan's 
300ZX turbo. Still, with a price tag 
less than half the NSX's—one-third 
the price of a Ferrari—the Stealth clos- 
es the loop with affordable perfor- 
mance that competes with mystical 
heritage. Even as a Timex among Ro- 
lexes, the Stealth has the potential to 
equal, if not improve on, the absolute 
performance of the venerable marques. 
A ing face-off of four of the most 

exotic sports cars in the world 
today. As it turned out, sorting the rel- 
ative merits of the four supercars 
meant delving well beyond the perfor- 
mance numbers, which as expected 
were among the best we have encoun- 
tered. It also meant looking deeper in- 
to the methodical engineering it takes 
to achieve 0-to-60-mph times below 
six seconds and cornering forces near- 
ing one g. Behind the raw speed is an 
individual technical philosophy that 
guided the development of each of 
these highly specialized cars. 

Much of the Ferrari fantasy, for ex- 
ample, hinges on the notion that the 
sleek Pininfarina-designed envelope 
is barely hiding a flat-out race car, or 
at least the raw essence of one. This 
notion has some truth to it. It is first 
pressed home when it takes most of a 
minute, just like with a race car, to 
wriggle into the supportive, but ex- 
tremely tight, seats and hang your 


ll of which made for a fascinat- 


legs at the awkward angle necessary 
to find the pedals, which are cramped 
by the wheel housing. (However, this 
exercise isn't quite as awkward as 
finding the pedals on the 328 model, 
which the 348 replaces.) 

Like a race car, the Ferrari driving 
controls are heavy and positive. Steer- 
ing is extremely quick, though heavy, 
and the wheel feeds back a precise 
feel of the road, a sensation frequently 
interrupted by violent wheel kickback 
when a bump or pothole is encoun- 
tered. Like some race cars, the trade- 
mark Ferrari "gated" shift lever is di- 
rect, positive, and extremely difficult 
to shift smoothly, alternating between 
crunching and hangups unless hit 
hard and well, preferably somewhere 
near the 7,000-rpm redline. In all, the 
Ferrari is a sports car of unexpected 
contrasts: The high-tech engine is 
equipped with a racing-derived dry- 
sump oil system, but then this nearly 
$100,000 vehicle has no spare tire. 

In the 348, Ferrari has altered the 
mounting of the all-aluminum 3.4- 
liter 32-valve V8 to a longitudinal ar- 
rangement from the transverse loca- 
tion in the 328. The 
new mounting scheme 
positions the 296-hp 
engine closer to the 
ground and shifts the 
mass of the trans- 
mission downward as 
well. The result is a 
lower center of gravity 
for the 348, which 
helps reduce body roll 
and lateral weight 


The Dodge ms R/T Furbo 


With the 348tb, Fer- 
rari moves its junior- 
level exotic up to 
Testarossa specs, no- 
tably in the fore-and- 
aft engine mounting 
and midships radiator 


location. 


transfer in turns. The fore-and-aft en- 
gine arrangement reportedly yields 
more room in the engine bay, but 
Ferraris service manual allows me- 
chanics an astounding 19.7 hours to 
replace a water pump. 

Taking a clue from the Ferrari GP 
racers of the mid-1970s, the engineers 
mounted the transmission transverse- 
ly behind the engine, with the fly- 
wheel and clutch removed entirely 
from the engine block (see box, A Turn 
for the Better). The Ferrari engine dif- 
fers from most production V8s in the 
use of a "flat" crankshaft with 180-de- 
gree firing intervals (90-degree spac- 
ing is normal). This design results in 
even firing intervals between the cyl- 
inder banks, with the advantage of 
high-efficiency exhaust-system tun- 
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in all manner of techno wizardry at 
a tempting price. But the 3,819- 
pound gross weight is a drain on 
the fun factor. 


ing, but an increase in engine vibra- 
tion. This firing cadence also produces 
a characteristic turbinelike whine, 
drowning out the feeble efforts of the 
car stereo. 

Like a race car's, the huge tires, 
wider at the rear than the front, and 
the rear-biased weight distribution 
promise both powerful cornering force 
and quick turn-in. This proved true 
enough, as we exceeded 0.90 g on the 
skid pad. But the car is so delicately 
balanced that extracting ten-tenths 
performance presents the greatest 
driver challenge of any car in the 
group. And like a race car, you are 
likely to be sweating by the end of 
even a short drive, partly from the 
workout and concentration demand- 
ed, partly from the excitement gener- 
ated when it all works together. 

After experiencing the daunting 
Ferrari, the new Porsche Carrera 4 
seemed most wholesome. 


orsche completely redesigned 
the suspension and engine of the 


aging 911 series in 1990, an evo- 
lution that drastically reduced the 
abrupt oversteer characteristic of old- 
er Porsche models. The new Carrera 
is smooth, progressive, and almost do- 
cile, even when pressed hard. Steer- 
ing is still quick, however, and the 
weight of the 247-hp engine behind 
the rear axle begins to be felt in the 
lane-change. 

The Carrera 4's four-wheel-drive 
system was intended to augment the 
basic rear-engine proposition by im- 
proving traction in straight-line ac- 
celeration and maximizing lateral 
grip in corners. Starting at a baseline 
with about two thirds of the engine's 
power directed to the rear axle, a com- 
puter-controlled clutch increases pow- 
er delivery to the front tires when the 
rear ones begin to slip. This strategy 
deliberately increases understeer, to 
excess, we felt, in a basically under- 
steering car. A last-place finish on the 
skid pad (0.80 g) came as no surprise. 

New technology aside, the Carrera 
still has the same light-aircraft feel 
that is a distillation of the sound of 
the air-cooled 3.6-liter flat-six engine 
and a sometimes-rustic approach to 
the details. It's relatively noisy, but 
considerably quieter than the raucous 
Ferrari. And unlike the Ferrari, which 
has always been identified with the 
upper echelons of speed, today's rear- 
engine Porsche evolved to its current 
limit of performance from a low-horse- 
power sports car that was loaded with 
quirks and character, some of which 
linger on. 

The challenge of the Acura NSX 
was to push the performance envelope 
set by the established exotics and cre- 
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Deciphering the model nomenclature of 
Ferrari's 348tb uncovers a clue to a new 
design wrinkle: The "348" stands for 3.4 
liters of displacement and 8 cylinders; "t" is 
for trasversale, indicating sideways 
mounting of the gearbox; "b" lets you know 
that the car is a berlinetta (hardtop) rather 
| than an open-air spyder. It's the "t" that in- 
| dicates a real engineering leap. 
| When Ferrari engineers decided to 
switch to longitudinal mounting for the en- 
gine of the 348tb, they adopted technolo- 
gy from their Formula One experience to 
keep both the drive-train package short 
and simplify a number of service opera- 
tions. The flywheel and clutch have been 
placed at the far end of the transmission 
housing, at the opposite end from the en- 
gine block, and are coupled to the engine 
by a shaft that runs all the way through the 
gearbox. To maintain a small outside di- 


ate a new dimension of comfort and 
ease of handling, while maintaining 
acceleration and pushing cornering 
force to its limit. Rather than take the 
extreme design elements of a race car 
and modify them for the street, as in 
the 348, or finesse the rear-engine 
concept with electronic controls and a 
four-wheel-drive system, as in the 
Carrera 4, Honda designed the NSX 
with mainstream perspective and elab- 
orated on the long-wheelbase trans- 
verse-mounted mid-engine theme. 

The chassis works as well as it does 
mainly because of the work done to re- 
duce weight where it counts—at the 
ends and in the unsprung suspension 
pieces. The NSX, with its all-alu- 
minum body structure, concentrates 
the weight in the center of the car, 
while spacing out the wheelbase to 
preserve ride and enhance cornering 
stability. 

Most of the magic is reserved for the 
engine bay, where the 270-hp V6 re- 
sides. Graced with Honda's VTEC 
variable valve timing system and ul- 
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A TURN FOR THE BETTER - 


mension, the clutch is a dual disc design. | 
Engine power is then dispatched forward 
to the transmission by a bevel gearset that 
redirects the power through a 90-degree 
turn. The transmission internals end up 
tucked neatly under the limited-slip differ- 
ential and run from side to side, rather 
than lengthwise, in the car. The so-called 
external clutch has been a part of Ferrari 
designs since 1960, and the race cars 
equipped with the transverse gearbox won 
three World Championship titles in the 
1970s.—Norman S. Mayersohn 
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tralight internal components, such as 
titanium connecting rods, the trans- 
verse-mounted engine gets the job 
done with admirable efficiency. Not 
only was the NSX quickest in the 
sprint to 60 mph, but it also carries 
the highest EPA mileage rating (tied 
with the Stealth) of the quartet. 

The result is a forgiving, predictable 


car with superb balance and high cor- 
nering limits. The precision of the 
Ferrari is there, but not the rough 
kickback and harsh ride. The agility of 
the Porsche is there too, but the Acura 
NSX retains a chance at regaining 
control long after it begins to slide. 
Visibility is expansive, and getting 
settled in the cockpit is easy, with no 
contortions required. The interior has 
a polished feel. The result is a rela- 
tively simple statement expressed in 


lightweight metallurgy. 
| otics, the Dodge Stealth R/T Turbo 
is the heavyweight, at over 3,800 
pounds—enough to offset some of the 
potential of its impressive horsepow- 
er rating. It also differs from the rest 
of this mid- and rear-engine group in 
that it has a pronounced front weight 
bias—the foundation of a basically 
understeering car. 

The Stealth R/T is powered by a 
twin-turbo three-liter V6 with inter- 
cooling that produces 300 hp at 6,000 
rpm and 307 pound-feet of torque, the 
most powerful engine in the group. 
All that power is split through a cen- 
ter differential that is bridged by a 
viscous clutch that reapportions pow- 
er to the front or rear if either axle 
loses traction. Apart from the obvious 
benefit in slippery conditions, the ra- 
tionale for the system is that it also 
eliminates power-induced wheelspin, 
particularly in corners. 

Dynamic control is further en- 
hanced by rear-wheel steering that 
taps the variable-ratio power-steering 
hydraulics, turning the rear wheels to 
the inside of the corner at a narrow 
angle to keep the rear end in line. 
Even the Stealth interior is laden 
with gadgetry, and, unlike the Spar- 
tan exotics, it tends toward comfort. 

With the most power in the group 
and its computerized approach to 
handling dynamics, the Stealth is im- 
posing. It easily kept pace in raw ac- 
celeration and produced handling 


n the company of these three ex- 


NSX: FIRST GREAT CAR OF THE "90$ 

While it was terrific fun testing these cars, it was also sobering to find that the Europeans 
in the group are:dated in their approaches to user-friendliness. | didn't like the interior of 
the Ferrari 348tb much because of the cramped seating position and the dreadfully out- 
dated "gated" shifter. Also, the performance was rendered sub-par by a slipping (and 
much abused) clutch, but | figure that you do get a lot of head-turning factor for $99,350. 

The Porsche Carrera 4 was brutish and cold-blooded even on warm mornings. It bristles 
with technology, but like every other rear-engined Porsche, it was loud and blighted by tiny 
foot wells, awkward pedals, and a left-handed ignition key. For a car that won only a single 
performance category in this four-way test, the nearly $75,000 price tag is mighty stiff. 

For about one-third the price of the Ferrari, the Dodge Stealth gave an excellent account 
of itself. But it too has some ergonomic problems: a bewildering splash of gauges, read- 

| outs, and indicators, plus a feeling of being seated too low down in the car. 

The Acura NSX was an invigorating drive, with a simple instrument-panel layout, con- 
trols made for humans, and flawless boulevard manners. A magnificent achievement in 
every category, and the first great car of the '90s.—Jim McCraw 


numbers in league with the exotics. 
But it did it with a struggle. The 
steering gear seemed the worst cul- 
prit, with a discernible lag followed by 
a quick dart, when smooth input was 
called for. 

The Stealth's four-wheel drive like- 
wise took the crispness out of the han- 
dling at its limit, although the car was 
remarkably stable in the high-speed 
lane-change maneuver. After a day at 
the test track, our conclusion was that 
all-wheel drive or not, high-dollar 
sports cars might best be left in the 
garage when the weather turns foul. 
The driving pleasure of both the 
Porsche and Dodge Stealth is di- 
minished by the weight, cost, and 
complexity of the four-wheel-drive 
systems; the cars lose in both accel- 
eration and dry road cornering. The 
Acura's combination of rear drive and 
electronic traction control seems a 
much smarter solution for all-surface, 
all-weather driving security. The 
Stealth, while a willing and powerful 
car, suffers from computerized hesi- 
tancy that left the feeling that it was 
tugging at its tutu while the others 


danced on their toes. 

D of the established exotics, which 
| have become something akin to 
shrines of high-speed performance? 

Not when you consider that simply 
by being manufactured in large vol- 
umes, any automobile becomes less 
expensive to make than one that has 
limited sales potential by intent. 
With all its rough edges, the Ferrari 
stands pretty much alone with its 
uncompromising, dramatic design 
and near-ultimate performance—its 
rarity justifying its expense to those 
willing to pay for it. 

Through the NSX, Honda engineers 
have demonstrated that by starting 
with a clean sheet of paper, there are 
fewer compromises in comfort, con- 
trol, and luxury than previously 
thought necessary in a flat-out perfor- 
mance car. It shares most of these 
traits with the new Porsche Carrera, 
also a high-performance car combin- 
ing ease of driving with a high ulti- 
mate performance envelope. But the 
extra weight and complexity of the 
otherwise well-worked-out four-wheel- 
drive system goes partway up the 
same box canyon entered by the 
Stealth, where something akin to tech- 
nological overload starts to produce 
diminishing returns. 

Against this backdrop, the NSX 
emerges as a straightforward ap- 
proach to high-level performance that 
works well in virtually every dimen- 
sion, an achievement that ranks it 
solidly with the best. 


oes this lessen the significance 
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ut a quarter-inch steel plate 
іп front of this lamp, and it 
will melt through in two sec- 
onds," remarks Gary Albach, 
president of Vortek Indus- 
tries in Vancouver, Canada, 
pausing to let the imagery 
seep into my mind. "This is 
not your average light bulb." 

Only four inches long, Vortek's 300- 


DEIONIZED WATER 


ARGON GAS 


CATHODE 


anode are internally 
cooled by deionized 


water. 
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kilowatt arc lamp throws out 120 kilo- 
watts of continuous light from a plas- 
ma with temperatures exceeding 
12,000 degrees Kelvin—more than 
twice that of the surface of the sun. 
Although it was designed a decade ago 
to illuminate stadiums and parking 
lots, it proved too costly to operate. 
Now it has made its way into a miscel- 
lany of high-technology applications 


Deionized water swirls rapidly 
along the inside of the quartz 
tube, effectively removing debris 
and cooling it, allowing it to 
withstand the 12,000 degrees 
Kelvin attained by the arc. Argon 
gas spirals tightly at the tube’s 
center, holding the arc steady to 
prevent flickering. 


that make the most of its blazing heat, 
not light. From spacecraft materials 
testing to metal hardening, the lamp 
that was once a state-of-the-art instru- 
ment without a purpose now looms 
on a technology horizon traditionally 
owned by lasers. 

lonized argon gas—rather than a 
metal filament—creates the blinding 
light when vast amounts of electricity 
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travel through it. To do this, the gas is 
injected at high pressure at an angle 
into one end of the quartz tube, caus- 
ing it to swirl in tight circles as it trav- 
els down the tube (see illustration). 
"The reason we spin the gas is to cre- 
ate a low-pressure region in the mid- 
dle of the tube," explains Vortek re- 
search director David Camm. “That 
low-pressure region stabilizes the arc 
along the axis. If we didn't do that, the 
arc would kink and bend and wander 
around in the tube, making the light 
flicker." 

To withstand the intense heat, 
Camm explains, the quartz tube is 
cooled with a high-pressure stream of 
water angled more sharply than the 
argon gas, creating a second spiraling 
stream. Smeared over the inside of 
the tube by centrifugal forces as great 
as 100 g, the water forms a continu- 

5, cooling film. 

In Ont t ^ io, Canada, quality testers 
mp to imitate the relentless 
ting and cooling on auto- 
во ithwestern desert 
increased use of 


A 


plastic panels, there are more con- 
cerns regarding cars sitting in the 
desert, since plastic reacts differently 
to heat than steel," explains Vern 
Nielsen, a researcher at Ortech Inter- 
national in Mississauga, Ont. 

Using labs that sound like high-tech 
torture chambers for cars, Ortech en- 
gineers subject car models to rigorous 
situations. “We'll have a cycle of full 
power for a short time, then turn it 
off, making the panels expand and 
contract," explains Nielsen. “We con- 
tinue these tests twenty-four hours à 
day for two weeks. That's a fairly se- 
vere outdoor situation." An even 
harsher lab combines the intense heat 
with simulated road bumps using hy- 
draulic shakers under each wheel. 
"We've nicknamed that lab the ‘shake 
and bake’ chamber,” quips Nielsen. 

Meanwhile, 1,000 miles away, scien- 
tists working at government facilities 
use the lamp to simulate the effects 
from the most brutal situations, like 
a nuclear explosion’s thermal pulse, 
on everything from paint to textiles 

[Continued on page 9 1 | 
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or millennia, concrete has been a simple, depend- 
able building material. With it the Egyptians as- 
sembled the pyramids and the Romans con- 
structed the aqueducts. Today, it's still news. 

In recent years, concrete has been spun, mixed, 
and squeezed with synthetic fibers and chemicals 
to improve its performance and durability. Now 
researchers at Northwestern University in Evan- 

ston, Ш., are using a new method to infuse the material 
with long fibers of polypropylene, steel, or glass. The ex- 
perimental concrete is 100 times more flexible and four 
times stronger than its conventional unreinforced cousin. 
In earthquake-prone areas, its properties could give build- 
ings, roads, and bridges enough resiliency to bend—not 
break. And its improved strength could make it possible 
to use less material than is needed with other concrete to 
perform some of the same jobs. 

The new concrete's capabilities are achieved in several 
ways. First, the material contains more fiber than the 
standard fiber-reinforced concrete used today. While stan- 
dard fiber-reinforced concrete contains less than one per- 
cent fiber, the strands make up 10 to 15 percent of flexible 
concrete's composition. These fibers are then evenly dis- 
tributed throughout the concrete. 

"The fibers themselves are not different. What is new 
is finding the right interaction between cement and fiber," 


In an earthquake, it 
could help structures 
flex rather than break. 


By MARCELLE M. SOVIERO 


says Surendra P. Shah, professor of civil engineering at 
the McCormick School of Engineering and Applied Sci- 
ence at Northwestern. “The fibers prevent minor cracks 
from becoming major cracks," says Shah. "They bridge the 
gaps caused by the tiny cracks, ‘tying’ them together so 
they won't grow." 


hen reinforcing fibers are added to concrete, the mix 
W is compacted for uniformity, which is important for 

consistent strength. À common way of gaining com- 
paction is through vibration. Vibrators are applied to the out- 
side of a mold or inserted into the concrete. But this method 
can still leave areas of the mix without fibers. 

A new technique called pulltrusion (as opposed to ex- 
trusion) eliminates voids. The method was developed by 
the Technical University of Denmark, a joint collaborator 
on the Northwestern concrete project along with the Na- 
tional Science Foundation Center for Science and Technol- 
ogy of Advanced Cement-Based Materials. 

In this process, researchers first smear long strands of 
twisted and drawn-out fiber strands, called rovings, with 
portland cement slurry. These strands are pulled by hand 
through a funnel-like device along with the concrete. 
"Forcing the concrete through a small hole in this way ap- 
plies the pressure needed to help evenly distribute the 
fibers and remove voids in the mix," explains Shah. Then 


out, applying additional compaction to the concrete and 
eliminating strength-reducing air bubbles. After the pull- 
trusion process, the dog-bone-shaped cement-impregnated 
rovings are cut to suit a mold. Many such slabs make up a 
completed specimen. 
The finished material is crack resistant, capable of with- 
standing more than one percent strain. “If something is 
one hundred inches long and you bend or pull it to 101 
| inches, that’s one percent strain,” explains Shah. In com- 
| parison, brittle conventional concrete can withstand just 
one-thousandth of that amount of strain before breaking. 
In addition, the increased tensile strength of the concrete 
may make possible precast panels that are only a half-inch 
thick. (Conventional panels are six inches thick.) This 
would permit larger facade panels to be poured and the re- 
sulting panels would be lighter and thus easier to trans- 
port and assemble. 
` The enhanced ductility and strength may prove signifi- 
| cant in earthquake-prone areas. “In seismic zones, bridge 
columns and such have to endure movement without 
breaking," explains Shah. "This material could do that. 
"To prevent cracks from growing, we had to find out how 
and where these tiny cracks normally are formed," Shah 
continues. By gaining an understanding of how cracks 
evolve, the researchers hope to discover clues to developing 
still-better cement-based composites. To do this, re- 
searchers use laser holography and optical microscopy (see 
photos, right). “After all, you don't want to find out about a 
crack in the concrete when it is already visible to the naked 
eye," he notes. "That's too late." 


the concrete is placed in a vacuum chamber. Air is drawn 
| 
| 


L aser holography, similar to a 3-D photograph, lets re- 
searchers view cracks when they are just under the 
surface. An initial image is taken of the concrete be- 
fore any force is applied. À second image is taken after the 
concrete is strained and cracking is induced. The holo- 
graph shows the two images at once, so researchers 
can see how the cracks are developing. Optical mi- 
croscopy allows researchers to see inside the con- 
crete. ^We stretch a sample, impregnate it with 
fluorescent epoxy, then take a section as thin 
as a few microns and examine it under a mi- 
croscope," explains Shah. (One micron is 
equal to one-thousandth 

| of a millimeter.) 
E Outside of the lab- 


oratory, the re- 
searchers use 
an innovative 
technique 
called acous- 
tic emission 
source location 
to detect cracks 
in bridges and 
roads. Sensors 

use sound waves 

to detect cracking, 
rather like a seis- 
mograph. "When a 
fault moves, it cre- 
ates sound waves 
that you can detect 
on the surface," says 
Shah. “In the same 
way, an internal crack 
acts like a small-scale 
earthquake, producing 


JIM ZIV vibrations." The amount 


Optical microscopy (top) and laser holographs (above) help analyze the crack 
resistance of the new flexible concrete under stress. Fibers in the concrete 
bridge the gaps caused by such tiny cracks, preventing them from growing. 
The microscopic images show surface and microcracks in red; the holographs 
reveal an interior fracture (dark line) and strains (wavy lines). 


and the type of signals that are gathered are used to de- 
termine the extent of the cracking. 

Because its manufacture must be conducted under con- 
trolled conditions, most likely in a factory rather than in 
a conventional mixing truck on a construction site, the 
concrete initially will have architectural applications 
rather than structural ones. “Structural usage could be- 
come economically practical with further research,” ac- 
cording to Shah. 

While he can’t determine an exact figure, Shah says the 
flexible concrete is more expensive to produce than the 
same amount of conventional fiber-reinforced concrete. 
However, says Shah, because you will be able to use less 
of the new material for the same function, the prices may 
eventually turn out to be close. When will we see it? Per- 
haps within three to five years. 
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| “Henry Kloss brought Dolby sound, СТО, cassette tape, and 
large-screen projection television into living rooms, and made 
the dominant speaker systems of three decades. Now he’s at it 
again at Cambridge SoundWorks, ` 
MNT direct to the TE Inc + Magazine 
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AR & Advent are trademarks of International Jensen, Inc. AR & 
Advent are not associated with Cambridge SoundWorks. 
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Iraq's most lethal weapons (continued from page 551 


turies.) Consen, in turn, made a sepa- 
rate deal with engineers from German 
aerospace giant Messerschmitt-Ból- 
kow-Blohm (MBB) to provide missile 
technology. Egypt kept demanding 
changes to increase the missile's range 
and payload size, changes dictated by 
Saddam Hussein and his Surface-to- 
Surface Missile Research and Develop- 
ment Team, a team headed by al-Saa- 
di. Eventually MBB became suspicious. 

By 1987, the deal had fallen apart. 
MBB had dropped out, and Saddam 


| decided to go it alone. Al-Saadi made a 


separate deal with Consen, working 
through the innocuously named Tech- 
nical Corps for Special Projects, part of 
the Ministry of Industry. One engineer 
hired by Consen to help run the pro- 
gram was told he was going to an 
aluminum factory. "When I arrived in 
Iraq, I [realized] in the same moment 
that it [wasn't] an aluminum factory. 
The factory we had to control was lo- 
cated in a military area." 

The Iraqis had finished the complex 
originally planned for Egypt toward 
the end of 1988 at a cost of $750 mil- 
lion. Like Samarra, the missile com- 
plex was built inside an extensive 
security zone, this one stretching 
across 30 miles of desert and includ- 
ing facilities for fuel fabrication, mis- 
sile assembly, and testing. 

What worked for poison gas and 
missiles worked for other projects too. 
In the north of Iraq, the Middle East's 
largest military research center, which 
U.S. military analysts call the “Jet 
Propulsion Lab of Iraq," was camou- 
flaged as a research center for the Uni- 


| versity of Mosul. The Middle East's 


largest munitions complex was initial- 


| ly identified as a universal steel mill. 


Both facilities were built with substan- 
tial German help. 

And when components needed to be 
disguised, they too became something 
else. Nuclear triggers seized at Lon- 
don's Heathrow Airport in March had 
been identified as air conditioning 
equipment for the University of Bagh- 
dad. Pieces of the “supercannon” 
seized at London's Teeside docks in 
April had been labelled petroleum 
pipes. A furnace to cast nuclear-bomb 
cores seized at a terminal in Philadel- 
phia in June had been listed as a fur- 
nace to make artificial limbs. And cen- 
trifuges to enrich uranium seized in a 


| cargo hold at Frankfurt Airport in Ju- 


ly 1990 had simply been labeled dairy 
equipment. 

Germany, in fact, became Iraq's fa- 
vorite port of call, party because of al- 
Saadi’s familiarity with his wife's 
homeland, but mainly because of lax 
export laws. 

By the time of the invasion of 


Kuwait, Iraq's latest subterfuge had 
been uncovered. It had been buying 
stakes in Western companies—a 
British machine tool company, Swiss 
and German manufacturers of equip- 
ment needed to enrich uranium, and 
an American engineering consulting 
firm. A U.S. grand jury was looking in- 
to how Iragis had persuaded two At- 
lanta bankers to send the Iraqi Min- 
istry of Industry and Military 
production more than $1 billion—at a 
time when big projects required big 
investments. 

Iraq had also invested with Gerald 
Bull, the Canadian artillery genius 
who was murdered in March 1990, in 
an attempt to buy a company that 
manufactured composites. (Bull is best 
known as the inventor of the *big gun," 
or “supercannon”—which he actually 
characterized as a space launch vehi- 
cle. Of the two guns that Western ana- 
lysts believe Bull was designing for 
Iraq, one prototype reached its desti- 
nation, but it was damaged in a test 
firing last year.) 

Amer Hammoudi al-Saadi described 
the ultimate success of the program in 
a 1989 interview with a French jour- 
nalist: "When we wanted things we 
could not obtain from the outside for 
one reason or another, we made them 
ourselves. I am personally grateful for 
many of the 'No's we received from our 
arms suppliers. It made us insist. It 
made us concentrate." 


End game 


On Dec. 7, 1989, the West was 
caught off-guard when Iraq announced 
that it had its first space launch vehi- 
cle. Saddam named the rocket al-Abid, 
or The Worshipper, in honor of the 
Prophet Mohammed. 

U.S. space analysts say the al-Abid 
was not an unqualified success. Al- 
though Iraqi television showed the 
rocket ascending into a bright morning 
sky, it did not show the subsequent 
burnout. The rocket flew about 130 
seconds, going no higher than 70,000 
feet. It put nothing into orbit. The 
short duration of the flight indicated to 
some that it was a test of the rocket's 
first stage, a long way from a full- 
fledged space launch. 

More ominously, however, the par- 
tial success of the rocket launch indi- 
cated that the Iragis are planning to 
do the same thing with this new tech- _ 
nology that the Israelis are doing with 
theirs—that is, develop an interconti- 
nental ballistic missile, capable of hit- 
ting any point on the globe. The 
launch showed the Iraqis’ ability to get 
maximum use out of the Soviet SCUD- 
B missiles supplied to them in large 
quantities during the Iran-Iraq War. 
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Iraq's lethal weapons 


Analysts say the al-Abid was “cobbled 
together” from five SCUDs. In addi- 
tion, the control room showed the val- 
ue of Western ties. The test and mea- 
suring equipment was U.S.-made. 
Whatever Iraq's successes, it will 


| find the allied forces arrayed against it 


no easy match. 

The United States maintains a near 
monopoly on the highest of high-tech 
military systems. Its advantage in 
command and control, electronic war- 
fare, and night operations at all levels 
of combat would not be easy for any 
adversary to surmount. And with de- 
ployments in Saudi Arabia nearing 
saturation level, the advantage is no 
longer just in quality. It lies in quanti- 
ty as well. The assembled forces are in- 
deed impressive. 


U.S. military might 


On the ground are 575 M-1 tanks 
whose laser-equipped computer gun 
sight is designed to hit a target with 
its first shot; 175 LAV-25s (for lightly 
armored vehicle) capable of hitting 
high speeds on flat earth or roads, 


| making them ideal for flanking opera- 


tions; and 40 Multiple Launch Rocket 
Systems, which fire thousands of fist- 
sized bomblets at airfields, convoys, 
and artillery batteries. 

In the air, the United States will 
have 1,100 combat aircraft from both 
the Navy and Air Force to fight what 
would be the fiercest air battle in his- 
tory From the Navy: 80 F-14s with 
their long-range Phoenix missiles, as 
well as more than 100 A-6 and A-7 
füighter bombers that would be 
launched from five aircraft carriers. 
From the Air Force: more than 20 F- 
117A stealth fighters would form the 
first line of attack, targeting anti-air- 
craft batteries and paving the way for 
hundreds of F-15s and F-16s, some to 
intercept Iraqi fighters, others to bomb 


| Iraqi airfields. The A-10 tank-killers 


would be used as well to support 
ground troops. And on Diego Garcia, 
an island in the Indian Ocean, are an 
undisclosed number of B-52s ready to 
"carpet bomb" critical installations. 
Hundreds of helicopters, thousands 
of anti-tank missiles, and nearly 
300,000 soldiers and Marines would be 
thrown into the fray against Saddam 
Husseins war machine. The advan- 
tage, it would appear, belongs to the 
United States, with one important ex- 
ception: Saddam’s arsenal is one used 
to the sand, used to combat, used to 
making the unconventional weapon an 
instrument of conventional success. 


Robert Windrem is a producer for 
"NBC Nightly News" who specializes 
in national security issues. 


LEARN VER 
CLEANING/MAINTENANCE/REPAIR 


EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, 
IF you possess average mechanical ability, and have 
a VCR on which to practice and learn.... then we can 
teach FOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due 
to simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair - "real world" information that is 
NOT available elsewhere! 
Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! ЕЕ INFORMATION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 
5329 FOUNTAIN AVE. 
LOS ANGELES, CA 90029 Dept. PS 


SERIOUS ABOUT THE 
WEATHER? NOW YOU CAN 
AFFORD A PERSONAL 
WEATHER STATION! 


The new WeatherPro weather station gives you 
the local weather at your fin ngertips. Easy to install 
and simple to operate, the WeatherPro includes a 
weather CORO pe remote precision wind direc- 
non y vane, win d speed sensor, external temperature 
probe, mounting hardware and 40' of cable-all for 


only $189! ; 
*WIND SPEED *WIND GUST 
* TEMPERATURE *WIND CHILL 
* WIND DIRECTION * TIME 
* TEMPERATURE HI/LO | * AUTO SCAN 
| *RAINFALL (OPTIONAL)* *1 YEAR WARRANTY 


*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $ 189! 


ORDER TODAY:1-800-678-3669, Ps 
M-F 7AM-5:30 PM Pacific Time 


Automatic: -emptying electronic. rain раџве-$49.95 
Add $5.00 for s ng CA residents a sales tax. 
Fax 1-415 ve 188 * M/C and VISA 


DIGITAR' 


3465 DIABLO AVE, HAYWARD, CA 94545 


WEB | 


FUN TO BUILD = FUN TO ОВП 


Sleek, Lightweight Electric 

Build your own electric vehicle naw with inexpensive and re- 
liable components. Tops 80 mph and travels 60 — — 
miles on a 110V charge, costing only 310 0 
7 cents per mile. Ideal for quiet, Fa 
pollution- -free m" — 
commuting. "P ee a 


Fully Detailed Plans 
Plans cover both the electric and gas ver- 
sions with 96 pages of photos, illustrations 
and precise construction. details. We've 
included many ideas for customizing your 
vehicle and building your own design. 


MOTOR COMPANY 
3425 Ridgecrest Dr., Dept. J & A 
Reno, NV 89512-1443 USA 
Illustrated brochure and spec, package: 

55.00, check or М.О. by mail only. 


Sports Performance With Gas 

The Subaru flat-4 version does 0-6 in 8 seconds and exceeds 
| =. HOC mph. Gets 50 mpg on the freeway 
with excellent handling. Un- 
нЗ Tor pae 


Mex xico-— include 
54 00 postage and 
handling. } 
24-hour credit card line for plan orders: 
800-388-8770 o: 702-352-5909 
Allow 2-4 weeks for delivery. 
SATISFACTION GUARANTEED, 


LOOK MA! 


NO WIRES | 


With Innvision you don't need wires to send a 


Set comes complete with one 
transmitter& one receiver, 
$99.00 + $5.00 Shp& Hndi. 


Fe] ZZ eco.. 


TO ORDER OR REQUEST 
OUR FREE CATALOG CALL 


1-800-624-1150 


Or 
FAX (402) 392-0991 
Or Write 
M.D. ELECTRONICS 
875 So. 72nd Dept. V Omaha, Ne. 68114 


ge КАМЫН 
quii 
жора EE 
"T neant " 


crystal clear picture from your VCR, Cable box, 
Laser disk player or Video camera to any room in 
the house. Innvision also allows you to watch one 
video source while transmitting a different source 
to another TV. Innvision transmitts up to 120 feet 
through walls, floors, etc. 


Highest Quality 
One Year Warranty 
JO Day Trial Period 
Easy To Use 


Satisfaction Guaranteed 


13 T 
EU ۳ f m i нер. д кы 
! ' аы m I . Со MS mc i rt ME Es 
| == = 1 Ta 5 | Lin г "ns a. жы L^ 
+ C — cA n 1 [F E Na D ا‎ Ё Ek - LEUR E ت‎ A 
i Lf ae E x А ج‎ 3 К. a + in i f i от БАРИ | e 
I E. T ш =т= д 2^ د‎ i Wes "s x 1 e Ys. N — М, - = йе Ж "2 J м zi ы 
= E = imu a z чаты у є TÉ c imd E E rA zw f rift } 
oe а: к! 5 
us N ; EX E. d = ri 


OVER 1270 PLANS! 


We've revised and expanded our Category Series 
to bring you the finest home plan collection ever 
assembled. Includes 382 fresh new plans plus hun- 
dreds of bestselling favorites. All styles from excit- 
ing Victorians and Tudors to new California and 
Southwest designs. Many plans offered with our 
exclusive matching Landscape or Deck Plans. 


SAVE OVER $1 Ü а 

Pick the type of house you want — one-story, two- 
story, multi-level or vacation. Or, order all four 
books for $19.95 and save $10.85. 

Available at your local bookstore, or 


Cop CALL TOLL FREE 1-800-322-6797 


r mail this coupon. 


Send те: _ 
Г] 470 ONE-STORY HOMES $8.95 
[] 478 TWO-STORY HOMES $8.95 
O 312 MULTI-LEVEL & HILLSIDE HOMES $6.95 


ï 1 258 VACATION & SECOND HOMES $5.95 


[] ALL 4 BOOKS JUST $19.95 
(A $30.00 Value — Save $10.85) 
Sales Tax (AZ residents add 5%; 
Mi residents add 412%) Уз = 
Ровїаде $ — 2.50 


Total Enclosed $ 


Name 
Aies —— == = а ü 
City State zp $1] 


CANADIAN CUSTOMERS: Add 20% to prices and send in li 
Canadian funds to Home Planners, Inc., 20 Cedar Street 


North, Kitchener, Ontario N2H 2W8 
ieee 
(iiS HOME PLANNERS, INC. 


ry v 3275 W. Ina Road, Suite 110, Tucson, AZ вета 
ШШЕ БШ 1 E 1 ЕШШ ШЫН БО НЕШ ШЫН ИТШ ЕР НЕГ ШЕ ЫШЫ БЫШ 21 0 ШШ 1 1 JD —— 


POPULAR SCIENCE FEBRUARY 1991 * 89 


IU 
Oblique wing [Continued from page 63] 


focused on a commercial airliner de- 
signed to fly at Mach 1.2. Boeing's de- 
sign was judged to be *promising," and 
it inspired the AD-1's shape, but noth- 
ing further came of it. 

Tom Gregory, assistant to the direc- 
tor for advanced systems design at 
NASA Ames, says, “Гуе been working 
on this thing for fifteen years, and I’m 
sold on it." The 22-foot radio-controlled 
oblique wing he and his colleagues 
rigged up in 1976 1s in the Smithsoni- 
an Institution's collection. *It was out- 
fitted with a symmetric tail to give it 
stability, but it 
was a handful to 
fly without any 
electronics. Even- 
tually we were 
going to add au- 
tomatic stability 
control, but some 
people were down 
on the project." 

NASA plans 
further wind tun- 
nel tests of a re- 
fined oblique air- 
foil at angles up 
to 70 degrees and 
speeds as high as 
Mach 2. Compu- 
tational fluid dy- 
namics simula- 
tions of airflow 
over oblique fly- 
ing wings are 
planned, as are 
studies of the 
wing's sonic boom 
characteristics. 

Funding pro- 
vided by NASA 
Ames during the 
past four years 
has also support- 
ed oblique flying 
wing work at 
Stanford Univer- 
sity by Dr. Ilan 
Kroo, an aero- 
nautical engi- 
neering professor, and two of his stu- 
dents. Kroo, in the mid-1980s, worked 
on a program funded by the Navy to 
study aircraft carrier-based oblique 
wing fighters that could patrol efficient- 
ly for long periods, then accelerate to 
Mach 1.6 to intercept attacking aircraft. 
"You could sweep the wings almost 
ninety degrees to store a lot of them on a 
carrier deck," says Kroo. 

Kroo is looking ahead to the next 
major step, which will be flying an in- 
strumented, remotely-piloted oblique 
wing with a 20- to 30-foot wingspan. It 
would rely on either rocket power or 
small jet engines to gather data on 
flight performance at supersonic speeds. 
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Post-doctoral student Steve Morris has 
worked on controlling smaller, unsta- 
ble radio-guided aircraft. 

"Our research job,” says Kroo, “is to 
identify some of the potential problems 
and show whether the oblique wing 
makes sense from a performance 
standpoint. No airplane company in its 
right mind is going to risk twenty bil- 
lion dollars to build it unless it is pretty 
sure the concept can work." 

In his collaboration with Stanford 
researchers, Jones proposes an oblique 
supersonic airliner with sideways-fac- 


A bird in the 
handis a very good 
idea, indeed. 
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ing passenger seats arranged in short 
rows running from front to back inside 
the wing (see diagram, page 62). Win- 
dows are set into the wing's rounded 
leading edge, while the thin trailing 
edge is occupied by computer-directed 
flaps that control the airplane’s pitch 
and roll motions. This automatic sta- 
bility control permits the wing to be 
loaded from front to rear (with fuel, 
gear, avionics, and passengers) while 
achieving minimum drag. A pair of 
vertical rudders near the wing tips pro- 
vides the crafts yaw, or steering control. 

They envision it as having a wing- 
span of about 500 feet and the capacity 
to transport 500 passengers. The wings 


principal selling feature, they say, is 
its ability to fly at Mach 1.6—twice 
the speed of a Boeing 747—while con- 
suming no more fuel than the subsonic 
jetliner. 

Propulsion is furnished by two large 
high-thrust turbofans with a variable- 
bypass design—like the one developed 
by General Electric for the Air Force 
Advanced Tactical Fighter program 
—which makes the engines efficient 
over a wide range of speeds and alti- 
tudes. The jets themselves would swivel 
from side to side on their pylons, allow- 
ing the flying 
wing to change 
its angle of 
obliqueness. 
This would 
maintain aero- 
dynamic efficien- 
cy while acceler- 
ating past the 
speed of sound 
and beyond. 

Jones and the 
other oblique 
wing research- 
ers believe that 
a flying wing 
configuration 
could overcome 
the stumbling 
blocks facing 
any new super- 
sonic transport: 
airport noise, 
sonic boom, and 
ozone damage 
caused by oxides 
of nitrogen (NO,) 
contained in jet 
exhaust. 

They cite wind 
tunnel tests per- 
formed at Ames 
showing that an 
oblique flying 
wing can have a 
lift-to-drag ratio 
as high as 30:1 
at takeoff. (The 
efficient 747, which doesnt fly super- 
sonically, boasts drag at one-twentieth 
of its weight, or 20:1, at cruising alti- 
tude. This translates into a highly re- 
spectable 60 flight miles per passenger 
per gallon of fuel. The Concorde's poor 
lift-to-drag ratio of 7:5 is brought about 
by wave drag during transatlantic 
cruising at Mach 2.) 

NASA Ames's Gregory says: "There's 
basically no load in the structure of a 
flying wing most of the time because 
the gravity load is offset at every point 
on the airplane by the lift." Conven- 
tional airplanes are the opposite: Their 
wings act as long levers that require 
massive internal structures to with- 


stand the huge bending loads generat- 
ed by supporting a heavy central fuse- 
lage. The flying wings aerodynamic ef- 
ficiency, combined with the low weight 
inherent in an all-wing design, means 


that only modest engine thrust is re- | 


quired to take off and climb away. 
Roaring afterburners aren't needed at 
all, meaning quieter getaways. 


As for sonic boom, at a sweep angle | 
of 45 degrees, the oblique flying wing | 
will be able to reach a maximum of | 


150 mph without creating any boom, 
Jones predicts. Beyond this speed, he 


feels that sonic boom is more or less ir- | 
reducible, obliging supersonic airliners | 
to follow an Arctic route for overland | 


flight. 
Mach 2 money barrier 


Jones, in fact, is disdainful of current 
studies focusing on SSTs that would fly 
at Mach 2 or 3. “Mach two is kind of a 
money barrier. By the time you get to 
this speed, the lift-to-drag ratio is so 
bad you can hardly tell the difference 
in efficiency between an oblique wing, 
a delta wing, or a swept wing. That's 
one area where the aeronautical com- 
munity doesn't agree with me. They all 
want to go to at least Mach two, but I 
think it's just a glamorous macho thing." 

Alex Van Der Velden of the Nether- 
lands, one of the graduate students 
working on the wing at Stanford, sees 
avoiding damage to the atmosphere's 
protective ozone layer as another rea- 
son to abandon the idea of flying at 
Mach 2 or faster. By limiting its speed 
to Mach 1.6, an aircraft can fly effi- 
ciently below the altitude where NO, 
emissions harm the ozone layer. ^In the 
end, this airplane will never fly unless 
it's environmentally acceptable," he ar- 
gues. "The criterion I propose we follow 
is one in which we cause no more ozone 
depletion than do subsonic jets." 

At age 80, teaching "Wing Theory 
and Classical Aerodynamics” to gradu- 
ate students at Stanford and working 
some of the time from the tool-strewn 
study of his hilltop home, Jones still 
likes to teach visitors how to fly simple 
balsa-wood models of the wing that has 
occupied his thinking for much of his 
professional life. Lately he has been 
calculating the different control surface 
angles needed to make an oblique fly- 
ing wing turn left or right. 

Even if airplane manufacturers 
someday convince themselves to build 
an oblique flying wing airliner, how can 
they be sure travelers will be willing to 
ride on it? Jones believes the answer is 
simple: “People will watch the stew- 
ards and stewardesses—who are more 
or less ordinary folks like themselves 
—hboard the plane. Then they'll get on 
after them." 85 


| Artificial sun (continued from page 81) 


“The lamp has the ability to develop 
a thermal pulse for a relatively long 
time,” says one researcher. “More 
than a second or two is considered a 
long time.” 

In Denver, Kip Larson, a research 
engineer at a major aviation and space 
manufacturing company, positions the 
bread-box-sized lamp against a liquid- 
cooled quartz window, facing the de- 
vice's shiny side toward a vacuum 
chamber. Inside sits a chunk of materi- 
al with a ceramic coating. Shielding 
his eyes with a pair of welding-grade 
goggles, the researcher hits a button, 
and a stream of light bursts from the 
lamp. Beyond the glass, the ceramic 
glows white-hot. 

The test will help determine the 
usefulness of new materials for space- 
craft applications. “We’re looking for 
coatings that reflect the sun as well as 
handle high temperatures so that the 
spacecraft doesn’t overheat,” says 
Larson. “These materials may be use- 
ful for future exploration spacecraft 
that approach the sun. For thermal 
designers, it’s important to know how 
a material radiates or absorbs energy, 
because if they re wrong, and the stuff 
melts, you can't live with that. 

“We also study thermal shock,” 
Larson continues. “If you dump that 
much energy onto a material quickly, 
what happens to it? Does it warp? 
Does it shatter? Those are the types of 
things the Vortek lamp is good for. 

“You couldn’t afford to do what I do 
if you used other types of heating 
sources,” adds Larson. “You'd spend at 
least several million dollars for a 
source to get the same power you get 
with a Vortek lamp, which might cost 
you $300,000 to $500,000.” 


Laser rival 


Vortek is delving into another area, 
one where the lamp outperforms las- 
ers: thermal hardening of metals. 
“We heat the surface of the metal up 
above its transformation stage, then 
quickly cool it with water,” says 
Albach. “It’s called transformation 
hardening because it changes its 
crystalline structure.” Vortek re- 
searchers have applied the technique 
to agricultural plow blades, which 
traditionally compromise hardness 
with tensile strength to resist break- 
age. “We take a blade that’s hardened 
to Rockwell [hardness] forty-two, and 
we put a strip of Rockwell sixty-five 
just along the edge, so it’s got softer 
and tougher material behind it. The 
bottom line is that the blades seem to 
last twice as long.” 

- While a laser could duplicate this 
work, it would be much less efficient. 
“The essence of a laser is that it’s a 


light of one wavelength, and therefore 
you can focus it to a pinpoint,” ex- 
plains Albach. “It’s like using a pencil 
to work on a surface of a metal. You'd 
have to scan it line by line, which 
would take a long time. With the 
lamp, you could scan the whole thing 
in seconds." 

The wavelengths of lasers also cre- 
ate problems at times. "In many cases," 
says Albach, "the carbon dioxide laser 
is really the wrong wavelength for met- 
al working, because most of the energy 
is reflected. It operates in the far in- 
frared, around ten microns, and the en- 
ergy doesn't go into the metal to do the 
work. The white light is absorbed 
maybe ten times that. So not only does 
the lamp put out a lot more power to 
begin with—say, 120 kilowatts instead 
of five kilowatts—but it's also ten times 
better for absorption." 


Skin-deep superiority 


Vortek scientists are tinkering with 
another quick, cheap way to improve 
a metal part's wearability: melding a 
thin layer of an expensive material to 
a cheaper substrate. "To create a sur- 
face alloy,” says Albach, “we spray a 
powder onto the surface of the metal 
and then melt them together. The re- 
sult is a skin of a material with the 
qualities you want—abrasion resis- 
tance, corrosion resistance, or some- 
thing else—with a cheaper base.” 

Whether employing this technique 
or the transformation hardening, 
members of the automotive industry 
are eyeing the Vortek lamp for im- 
provements in car transmissions. “The 
biggest problem with machinery, in- 
cluding cars, is wear,” says Albach, 
“because parts simply wear down 
from friction and corrosion. If you im- 
prove the parts’ surface quality, your 
car might last twice as long.” 

Last summer Vortek signed a con- 
tract with a German industrial re- 
search institute, Laser Zentrum Han- 
nover, that, says Albach, performs 
practical research and development 
work for European companies. Al- 
though the institute has been devoted 
to various laser applications, “it views 
the lamp as an economical method for 
doing what it had wanted to do with 
some lasers,” Albach says. 

Already, major European car manu- 
facturers have expressed interest in 
lamp-treated parts, according to Al- 
bach. “This is a tremendous opportu- 
nity to get beyond research and onto 
the factory floor. It’s an area where 
there would really be an overwhelm- 
ing advantage,” he adds. “Our process 
is not only cheaper, it does something 
that’s quite different from anything 
else that can be done.” 85 
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New solar cells win 

[Continued from page 69] 

cars (desperately close, considering the 
race's total distance). The University of 
Michigan car arrived at 2:54 p.m. 
(32.83-mph average speed), Hoxan at 
3:00 p.m. (32.77 mph), and Western 


| Washington at 4:07 p.m. (32.13 mph). 


WWU’s Viking XX might have placed 


| higher, but the car lost time changing 


numerous flat tires, a result of the 
struggle to hold it in a straight line 
through the windblown countryside. 
The Biel team, however, had an inge- 
nious solution: Over rough sections of 
roadway, they fitted double wheels and 
tires and changed flats later, during the 
evening maintenance session. 

Just as teams, crews, and officials 
decided to leave the finish and sample 
the delights of Adelaide’s wine- 
growing regions, the AERL car ar- 
rived at 6:07 p.m. This car had won 
everyone's heart. Not only was it the 
first Australian entry to finish, but it 
was also equipped with low-efficiency 
polycrystalline cells on 40 percent of 
its array area (converting only 11 per- 
cent of the solar energy to electricity), 
and a minuscule 1.3 kilowatt-hours of 
lead-acid batteries for backup power. 
As manufacturer of the peak power 
tracker used by eight of the first 10 
cars crossing the finish line, AERL 
achieved a credible performance using 
a low-cost solar array and low-tech 
battery pack that effectively dem- 
onstrated the virtues of careful man- 
agement of solar power. 


Big winner: the colleges 


The following day, Nov. 18, saw 
Maryland, Crowder, the Australian 


| Team Barossa, California State Uni- 


versity at Los Angeles, and California 
State Polytechnic University in Pomo- 
na arrive in Adelaide. Six of the first 11 


| cars were American, an impressive 


achievement. Yet all six were from col- 


| leges. In fact, seven of the first 11 cars 


to cross the finish line were from col- 


| leges—including the winner. 


The 1990 World Solar Challenge had 
become a David and Goliath battle be- 
tween the inventive power of large- 
budget major corporations and the wits 
and skill of college students. The stu- 
dents were the clear winners. As a GM 
representative said, "These are not the 
cars of the future, but these people are 
the car designers of the future." 

One comment bears telling testimo- 
ny to the significance of the achieve- 
ment of this group of solar racers. Said 
race sponsor J. Ward Phillips, a philan- 


| | thropist who made millions of dollars 
| in California real estate: “Гуе spent 


$1,500 on gasoline chasing a car that 
doesn't use any—and my camper van 


| won't even keep up with it." 
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f.» Moon-Blob, it Crawls Out Of Containers (г< 
/ And Looks Alive As It Creeps Uphill. 


Moon-Blob has unbelievable properties 
and is fun to play with 


acts alive and 


Now, you'll know at a glance. 
with large, &asy-to-read LED 


cords high and low readin 


| FF of C? selectable —4 


41229F 7x39 4x34" Easy ч 


J (not incl.). Complete with 10° | 
probe sensor cord. PL38,038 $42. 95 


HARD-TO-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes. Binoculars, Magnifiers, Solar, Д9 
Microscopes, Science Kits, Lab Equipment, Toys, Military Surplus, Lasers, 


Digital Thermometer Shows BOTH | Our Intelligent Yo-Yo With A "Brain" 
Indoor AND Outdoor Temperature, 
Memory For Day's High AND Low! 

|| fel 
IJ readout numbers, both the 


E outside and inside tempera- 
EM ture. Thermometer also re- 


| that allows it to spin faster and 


“700 Science Experiments For Everyone" — 


G OF 


Photo and Weather Instruments. Р I SCIENCE, z 


"Crush-A-Can" 
It's The Longest Spinning Yo-Yo Around! — Completely Flattens 
A simple flick of the wrist pre- : = Can To Only One Inch. 
programs this patented yo-yo, *. 
allowing it to spin freely at the — 2 
end of the string. Suspended 


yOu can do tricks, such as Walk * 
The Dog: "Rack The Baby." "Brain 
Twisters” and тоге. It operates 
on a centrifugal clutch principle 


longer than any other yo-yo 
before returning to the users 
hand. Precision engineered, the clear 


plastic body shows the clutch in action. — PL36,213 $10.95 


Our Most rapa Science Fun Merten 
Classic science demonstration toys have amazed and intrigued 

young minds for many generations. You'll have fun and learn 
| ip demonstrations with these favorites: 


| An Exciting Book For Science Fair Projects. 

z А brand new, up-to-date edition of the best 
known science experiment book in the 
world. Compiled by science instructors 


Simple to use, just pull the lever. | 
Heips promote a cleaner enwi- 
ronment and condenses trash 


erful receiver. Used in Alaska to looks like a living protoplasm as it defies in your home. No more bulky : 

n stations from continental IU gravity by crawling up and out of its con- EXE garbage - MI ctos! mode - whiting ier ад жое 
Employs mutually inductive tainer, It's dehydrated plastic just add electricity chemistry. astronomy, mag. | Measures 13Vox415x415" Easy | © Whirling gyroscope PL37,471 
Д Mini- Rick and plug water to activate il il c harmless. | netism. Geology physi ology and more to mount. Light tan. в К “powered radiometer SPECIAL $495 
id This Authentic Deadly German U-Boat. | Super Snooper™ Electronic, ۱ Ear Picks Up 15 MISoN LC 813.85 Motion Demonstrated E 
It's Motorized To Sounds From Over 40 Feet /—^ Away! Fun And Intriguin 1 You'll Play For Hours With The 5-Ball VIC ik kc vibe Fate ааны 
un And Dive! Kids will have fun with the Super ; With These Colorful Magnetic Magic Marbles. ingina Wi Meer de ry iden p dade. "uen 
Е Snooper electronic toy that gives E | Swinging Wonder. a ges. A 'musf for a boat, it helps 
| an hearing, indoors Build a mountain or odd geometric pat- / Шз І retrieve metal objects that Mo 
| and out. They'll be able to li | terns with these fascinati , high impact You'll be amazed at what vou 

Sie کر و ی ا‎ mia | plastic marbles. Each marble has both a 2 bs. measures Ax Tac Made with a 


to birds and animals before they 
can be heard. Just point the disc 
and pull thie trigger. Sounds are 
picked up from over 40 feet in the 


e) 
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negative and positive pole. Achallenge to wc 

| your imagination. Fun for youngsters, j 

| adults, too! 20 marbles per package. — 4 

PL34,968 (Package of 20) $ 3.95 
PL35,854 (Package of 100) $18.50 


Dr. Guk's Mutant Magic. 
Is It A Solid — Or A Liquid? "s, Ї 
| Both! It Changes As You Play! 


Hours of fun and amusement. Jab the 
GUK surface and it appears to be a solid 
Grab a handful and farm a ball in your hands 
and watch the GUK ooze through your , 
g- fingers. Can be reused 
vd many times. Safe, 
clean 


Vinyl Chloride coating to resist cor- 
PA and chipping.  PL71,135 $32.95 


Build a Real Crystal Radio Kit. 
Remember the golden age of radio? 
This crystal radio kit can bring back 
old memories. ..like listening tà “Tire 
Eddie Cantor Show’ “The Green 
Hornet; “The Lone Ranger" and more. 
I You actually be able ta listen to your 
local stations and even experiment 
with radio waves. Easy to build, по 
batteries or soldering needed Com- 
plete with instructions and all parts. 

PL37.339 $9.95 


wentie 1/150th scale model of the German Type VIC s sub- 
ine is motorized to run and dive. Assembling this kit will 
h the basic engineering principles of submarine operation 
buoyancy. Parts are molded in realistic battle colors, only 
and common hobby craft tools are required. Powered by | - 

‘cells (not incl). Finished model is approx. 18 inches long. / 


۴ > “Radiometer...A Space Age Sphere. 


t у, Its fascinating to watch the delicate vanes 1- 


within this 5" precision-made sphere spin, 
faster and faster ilustrátin g the basic prin- pa 
| au 
À С 
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padded. adjustable head- 
hones. Black and silver. 
owered by а 9V battery 
(not incl.) PL37,834 $10.95 | 


| Ifs hard to put down once you 
start playing with it. Swing one of 
the nickel plated balls and watch 
| the one on the opposite side | 
swing back. Consists of 5 balls | | 
x» suspended by monofilament to | 

| awood frame PL33,739 $22.95 


Metric Triple Balance Ohaus Scale With 


E. F- 


j Dial- 0-Gram* Single Pan Balance. 


The classic weighing instru- 
- Dent. provides accurate 

x weights year after 
year Rugged con- 
struchon, weigh 


= 


ciple of solar heating. When light strikes the 
wanes it transfers heat, and the vanes begin | 
to move. Works from direct sunhght or ar- 
tificial light. An attractive “conversation 


with water. 


|| anything — liquids. Our Amazin 
>) piece" PLBO,082 $6.95 [Jp solids, or live ani мз ш Нарру Bd 
| » mal. Three tiered, : | 

t Spectac ular Color To Your Home With A notched beams (100-550, 10-100, 0-10 grams) have center read- | Gosmic Coal... Never Stops PL35,011 $18.95 
Rainbow Light Display. ing. sliding paises. 610 gram cap. Stainless steel 6" platform. | A Science Discovery. | крг Made of the finest high-car- 
Our equilateral prism mounted in a specially на d 87 PLT1,695 $93.00 Did you ever wonder how il all began? bon, rust-free steel to the high, 
designed wooden base catches the sunand | Weight Set, expands scale 10.2. стар Incl. 1-500 | Go back to the dawn of time. rigid standards of the Swedish 
projects the ever-changing rainbow patterns and 1.900 gr wits 1,766 $24.95 | jinusual science kit | army. амагон Wis sheath, For ойе. Used, but in ex- 
over your walls, ceiling and floor. It's almost | has everything . cellent condition. (Not available to NJ residents or minors.) 
like being inside а multi-faceted diamond. Build Your Own Ideal HO Scale | necessary to grow 
Glass equilateral prism is 2" (50mm) long | Nuclear Power mm Background colorful crystal tor This Clever Gadget Will 
with 1" (25mm) faces. Wooden mount is | Plant Model Structure, | mations from coal Tell You How High You Are 


| 209" 1 NE PL5,064 $6.95 | 


ld A Working V-8 Demonstration Engine. | 

z A great introductian into whats | 
behind your gasoline-powered 
engine. The %з scale realistic 

model contains over 

100 moving parts. You 

= Scan actually watch the 

—_ crank shaft rotate, spark 1 

| 

El uy 


| You can even Cre 
ate your own cos- ^ x 
mic colors. Grow 22 

colorful formations in minutes, using nature's building blocks 
from our own planet. Complete kit contains cosmic coal dust, 
tray, acean-blue liquid, ammonia, vials of coloring and a light- | | 
ning rod. PL37,891 $11.95 


It's Fun To Grow Your Own Crystals г“ PR aa 
With Museum Quality Growing Kits. r Du 


Whether you're driving cross country or 
hiking in the mountains, this Altimeter will 
tell you how high you are. Shows eleva- 
tion from sea level to 15,000 feet. Can be 
mounted to dashboard with self sticking 
tape (incl.) or has pre-drilled screw holes. Also has built-m 
barometer. With case. PL34.544 $38.95 


\ \ Duplicate Most Any Object 
1*9 |n Detail With Multi-Use 
~ Latex Rubber Mold Compound. 
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Based on Three Mile Island, this detailed 1/160 "N" scale kit 


has 79 parts molded in colors. Includes containment building, 
cooling tower and generator station on à 14 x 16" base. Stack 


Fascinating to watch. Simply 
duck the bird's head into a glass 
| of water to begin happy birds 
=| bobbing motion. Then the bird 
takes over, continuously dipping 
inta the water for a drink. 
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plugs light up, valves Kits contain all the chemicals needed to grow 


| 
Горел and close, rods and pis- | is 444” high For ages 12 and over PL36,718 $13.95 | large, panuto, santasy Miles e ae -| Edmund's Famous 
tons move. Easy to builg | : ru ME ез amethysts. Just dissolve the pre-mixed chem- -| * Jumpin у : ш. 
; requires model glue for as- | icals in water. The first sparkling crystals will |^ ^ ^ ^| | Quam ev | Es он ааа уан einn 
sembly, takes two "C" batteries (not mad ) | appear in a few hours, Àj raris da dui in di- | — Е. | ; Eu figurines and more. Form flexible, durable 
Complete with stand, PL70,448 $42.95 | ameter. Indicate choice: — ' Leap3 d reise | 


malds. Use gd plaster or expandable foams. 


Fantasy diamond kit, = 
PL37,887 or Fantasy amethyst kit, PL37, d Each $7. 95 ; Feet Into Vae" art Size. PL42 445 $18.50 


Flash Rocks. 


— Stars That Glow In The Dark Turn Your 


it work? The nickel and 
stainless steel discs 
work on the principle of 
thermodynamscs. Heat 


itsa specially designed diffuser 
Incorporating a parabole mirror 


shafts and 2 wire Ар Yi 
s. 20, 1" motors PLISDA $14. 50 te | 


ld Your Own 2000° Solar Furnace With This | 


lions — listen ta the sounds ' 

of animals af distances thal | ™ 
| are out of hearing range — i 

its light enough (only 315 
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ЕТА БМ Вейгоот Ceiling Into The Night Sky. Strike them together and see ~ Full of fun and surprises. Australian Aboriginal Boomerang. WR 
KA FR Assortment of 250 lumi- | amazing flashes inside the rocks! ~“ Simply click the jump- a 45M Actually Flies Back To You. : 
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- up a chikrs room wit ё beauty о glowing stars and have | tne quartz matenal within thè госке. Its nature’ 8 ezo ЕГЕС lay it on any li n friends — with its mysterious ability to reverse 
тоюту, гау роу aoe eco Puisque... FLA US отой ge AN) rection i mit ioh and numo Hand | 
e tun by adding mo A o m Е: Big Dipper, Milky Way and the heavens.  PL9521 $4.50 | Ultra-Sensitive Directional Sound Miei: POP It leaps ws Ê || ze a su tr Mn S 
toyoursciencefar {шейт ГЕ The Vanishing Leprechaun...Will Anyone Ever hing L h Will A Е Picks Up Signals 200 Feet Away! ~. into the air, 3 a d. DA Y ا ا‎ 
jects, demonstra E x | ~ ЫРП... үрп Ever Used for police surveillance and excellent feet high. Friends HI та 
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| and lens light. Safe and easy fo 


A fascinating illusion. We found it at a math .. -| use. A52 page booklet included, 


p teachers seminar. A 3x7" card with 15 lepre- 4% 


snel Lens aye press The Suns Rays! | chauns. With a "siight-of-hand" one leprechaun | ounces) so the microphone — |, | (rubbing the discs) makes metal e| descnbes the various features in- 
+” You'll be able to use this рге. ma Will vanish. Your frends will tpe can be mounted on your binoculars Com- 5 \| dodi. a 2 іма oo a sata NM чүк il 
| Which one vanishes? Where be ро? | расї, measures only 12° Powered by 1 AAA ‘ \ u @ ers works 
сс isian lens as a solar enc When he comes back, where has he been? One of our i | тут included fren equency get d ê POOH? to войн, i out | PLI2,000$4.25 | sa ) PL33, 538 524. 95 objects, how 10 INSPECT contacts 
vE / 2^ pottery - and even to melt popular best-sellers! Package of 4. PL37,473 $5.75 Level |49 db's maximum. Complete with padded micrppharie fo cum ue Aon жарын ut mH PB QD iie ci m lr via t ta A 
E, а metal ог for other solar ex- | de amplifier and headphones PL38.042 $49.55. | Edmund Scientific Co. STOCK NO. PRICE | 
periments. Lens has 28%" 11. 50 lines | Multi-Colored Wheel-Lites Adds Striking i | Dept. 1102, С912 Edscorp Bldg. ' 
per inch, measures Vx: (а " thick. | Effect And Safety Benefits To Your Bike. deg " this page are only a few of the Barrington, NJ 08007 | 
| Unmounted lens comes wi page | With your bicycle or motorcycle many imaginative «раке thi appear in our METHOD OF PAYMENT: 
аде! on how (o bui fas 360 stand | ion, ihe electronic Hing a ! | O.Check enciosed C VISA | 
И d fr ho PL70, 533 $28.50 produces ine distinct Illusion 0 [1 MasterCard O Diners Club 
and rame shown. - Meg ee FU COMI | © American sad. E Carte Bianche | 
ere | lights. The lights seam to stop LI Discover | Optima 
tiature Water Pump For Photo Darkrooms, | spinning inone direction, hover, | | 
then begin spinning in the oppo УУ Ж | 
ence Fairs, Water Displays. RA site direction, These stri king. ж yy B Exp. Date | 
T ae TON | i | special effects v will spell- — | = | 
шу pump m "Кем - | бү and fascinate your me i Total Price _. i 
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TT For Phone Orders, Call мет» petit | | 
inr i No Risk Guarantee! it you are not completely satisfied with your purchase, return tha merchandise Name 
B Г опе ers, „а in its original package and we will cheerfully refund your money in full: We back our products! | | 
1 (609) 547- 8880 Our 45 day unconditional guarantee means you take no risk on any product you buy from us. і | 
Address ES E 
for friendly special treatment | Qu и gu | 
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| Country Rustic 
~~ "Wood. 
Projects 


6028 $24.95 
6304 $21.95 


The Number One Do-It-Yourself | 
Book Club offers you a super deal! | 


күлү Y r^ "m а ата" Р 


THE Е ROOK CTTIB 
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The Best How-To-Authority...For more than 25 years, 
Popular Science Book Club* has been serving do-it-yourselfers 
with the finest books on today's important homeowner subjects. 
The Best Do-It-Yourself Books...PSBC editors comb 


the country searching for the newest, finest and often hard-to- 
find books on today's important homeowner subjects: HOME 
REPAIR & IMPROVEMENT * HOME REMODELING, RENO- 
VATION e CARPENTRY • WOODWORKING * HOUSE 
BUILDING * WIRING, PLUMBING, HEATING, MASONRY & 
CONCRETE * APPLIANCE — and i more. 


6047 $12.95 6275 $29.95 6221 
Softcover 


6364 $14.95 
Softcover 


COUNTRY; SH short Log & Timber 


| WOODWORKING © BUILDING BOOK 
| E s .. 


*4633 $24, 95 


6016 $24.95 


6391 $23.95 


BUILDING 


FENCES _ 


ip. STONE. METAL; PLANTS 


OUTDOOR 
PROJECTS 


6209 $13.95 
Softcover 


6286 $19.95 6231 $24.95 


$21.95 “0113 sis. 95 4627 


6220 $32. 95 


( arving 
Wild Anii nals 


6341 $18.95 


IRMA Баң ee ранган 


The Home 
Cabinetmaker 


Мсн үч tirages turi ans, 
Furniture Baking 
are! SA LIP 


Bop YoorOwn wn 
Low-Cost Loaf Юте 


Exclusive Science Books" ...PSBC commis- 


"Popular § 
sions the top how-to writers and photographers to produce 
definitive books on important Club subjects. See titles with". 


Big Bargains—UP TO 50% DISCOUNT...PSBC cuts 
prices on hundreds of special book bargains throughout the 
year. 
Quality Production Control...PSBC selections are 
printed with careful attention to detail on paper, printing, bind- 
m You'll use Pigs books for years! 

NO-RISK GUARANTEE...PSBC guarantees your com- 
arie чөн ы — or you may return the books at our expense. 


6270 $14.95 
Softcover 


$19.95 6215 $35.00 


| "0160 $25.9 95 6279 $9. 95 "6201 $19. 95 
| Softcover 
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2X4 
NITURE 


FOR INDOORS AND OUTDOORS 
Free Thy Family orig 


| "4618 $34, 4.95 
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| Cover 5500 Ганс Cad 
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6255 $24.95 6171 $19.95 6276 $16.95 


MAX ALTH 


"0089 $19.95 


5882 $19. 2x] 
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To take m d of thi is cmm offer, select Ж 


any 3 books shown here. Send по money now, just 
return the attached card and we'll send you your 
choice of any three introductory books worth up to 
$102.90 for a no-risk examination. 


If you aren't completely satisfied with these books, return 
them to us within 10 days. You will be under no obligation, 
and you will owe nothing. Otherwise, we will bill you just 
$4.95 for all 3 books (plus postage and handling) and begin 
your membership. 


As a member your only obligation is to buy two additional 
books at the regular club price plus shipping, handling and 
applicable sales tax during the next year. 


As a Member, you receive our regular mailing 15 times a 
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How to Make 


PVC PIPE 
| FURNITURE 


. for Indoors and Outdoors 


5841 $27.95 


year (about every 3'2 weeks). Each mailing describes the 
Main Selection (our featured item of the month) and many 
other selections. 


To get the Main Selection, do nothing — it will be sent auto- 
matically. To order something else, or nothing at all, tell us on 
your Reply Card and mail by the given date. 


You always have 10 days to make your choice. If your 
Bulletin ever arrives late, and you receive a selection without 
having had at least 10 days to decide, simply return it for full 
credit at our expense. 

All you agree to buy is two additional selections over the 
next year. (A shipping and handling charge plus applicable 
sales tax is added to all shipments.) You may cancel your 
Membership at any time thereafter. If coupon is missing, mail 
order to: Popular Science Book Club? 1716 Locust Street, 
Des Moines, IA 50336. 


*Original Custom-written POPULAR SCIENCE Books 
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a ua Пр n BOOK CLUB” (Plus shipping and handling) 
YES! Please enroll me as a Member of Popular Science Book Club® and send me the 3 books 
indicated by the numbers | have filled in below. (Total value of up to $102.90!) Bill me only $4.95 total 
plus shipping and handling (and sales tax where applicable). | understand the Membership Plan 
described in this ad and | agree to buy two additional books at Club price plus shipping, handling and 
any applicable sales tax, during the next year. Thereafter, my Membership may be canceled either 

by me or Popular Science Book Club® at any time. All orders are subject to routine credit approval. 


SII REI сз e um ج‎ ER ج ڇڪ ڪڪ ج‎ 
If you wish, you may select a 4th book now at 509/ off the Sa 


publisher's price (plus shipping and handling and applicable sales tax). 


6328 $19.95 
= ыз 


001—50R42 
Name 
(please print) 
Address 
Gi Zip 


This offer valid in U.S.A. only. Your Membership is subject to acceptance by Popular Science Book Club® This offer 
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“Say, $mokey—" 


A dini on cars by Smokey Yunick, America’s most famous mechanic 


Filter phobia 

I purchased a 1990 Dodge with a 3.3- 
liter V6 engine. When I was doing the 
first oil change I found, surprisingly, 
the oil filter to be small. A larger filter 
with about one-third more capacity will 


fit in the same spot and sells for the | 


same price. I'd like to install it to get 
better cooling, greater capacity, and a 
larger filtering area. Would it be 
advisable to make this change? 

Chas Kuhlman, Pittsburgh, Pa. 


Don't do it. I agree that bigger oil filters 
could be better, but unless you have a 
lot of design information on the two 
sizes to compare them, you might run 
into trouble. An incorrect filter could 
cause a pressure drop or oil starvation 
on cold starts. I would stay with the 
original equipment or a premium-grade 
replacement. 


Today's tuneup 


Since 1940 Tve owned a number of cars 
and performed my own tuneups. Now I 
own a Plymouth Reliant with a 2.2-liter 
engine that has 48,000 miles on it, and 
it appears to be running OK. According 
to the owner's manual, there are no 


traditional tuneup will be replaced 


ment of most ignition parts, so the 


with a thorough inspection and any 
necessary adjustments. 


To flush or not 


My Pontiacs service manual cautions | 


against installing a flushing tee in the 
cooling system plumbing for reverse- 
flushing of the system. Apparently, 


damage to the water pump seals and | 
heater core can result from this proce- | 


dure, yet most mechanics here seem to 
prefer it. I have always favored the 
simpler method of running water from 
a garden hose into the radiator, with 
the engine idling and the radiator 
drain cock open. What's your view on 
the proper method? 

James T. Spahr Jr., Santa Rosa, Calif. 


The major causes of plugged radiators 


are electrolysis and minerals from the 
| fill water. Over the years I’ve seen a 


points to change, and the timing is fac- | 
tory set. So what would a proper tune- | 
| is this: Drain the system completely, 


up on this engine comprise? 


Joe Engels, Gravois Mills, Mo. | 


You're right—Aall that's left of the old- 
| fashioned tuneup is to change the | 


spark plugs, if needed, and check the 
condition of a long list of components. 
Start by looking over the filters, plug 


| wires, vacuum hoses, wiring connec- 
tors, accessory drive belts, and water | 
hoses. Following the instructions in. 


your car's shop manual, examine the 


recovery system. If you are an ad- 
vanced driveway mechanic, you may 
also want to run the car's self-diag- 


nostic routines to pick up trouble codes | 
logged in the computer's memory. Also, | 
it now seems like a good idea to clean | 
| a misalignment of the starter drive gear 
Poor preventive maintenance breeds 


the fuel system chemically once a year. 


high operating costs and potentially 
dangerous conditions. I think cars 
have progressed to the point of needing 
an annual check like an airplane has, 


| Just to see if everything is working. 


New cars dont require regular replace- 
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thousand chemicals and flushing sys- 
tems, but none ts completely effective 
against the residual mineral buildups 
that are so hard and firmly attached 
that they wont budge. The only sure 
way to clean out those deposits is to 
have the radiator rodded out at a ra- 
diator shop. 

I believe the best you can do at home 


refill it with low-mineral-content water, 


| and let the water run through for 10 to 


| condition of the cam belt, and check the | 
crankcase vent system and the vapor | 
| flywheel. What would cause the fly- 
| wheel teeth to break, and could this 


15 minutes. Then drain it again and 
refill the cooling system with coolant 
containing corrosion inhibitors. 


Toothless wonder 


Three months after the starter on my 
1985 Chevrolet Monte Carlo was re- 
placed, the car began making a loud 
noise when started, though not every 
time. My mechanic said I needed a new 


have been prevented? 

William Lawler, North Chatham, Mass. 
The cause of the problem was probably 
with the flywheel ring gear. The starter 


on your car can be adjusted by using 
shims or carefully lining up the unit 


| when the mounting bolts are tightened. 


Other possible causes include shallow 
drive-gear engagement caused by a 
failing solenoid or an engine kicking 


back from too much spark lead. A 
cracked housing or worn support 


| bushing at the drive end of the starter 


could also cause the problem. Once 
damage to the flywheel teeth starts, it 


| usually gets worse rapidly. 


Towing the line 
I'm told that the 305-cubic-inch V8 


engine and 3.08 axle ratio of my 1984 | 


Chevrolet G10 van won't provide ade- 


quate power for towing my 23-foot trail- | 


er, especially in mountainous regions. 


| Would it be reasonable to change over to 
a 350-cubic-inch engine? Should I buy a | 


new engine or a General Motors rebuilt? | 
C. Quentin Sturgill, Bowie, Md. | 


Installing a 350 is a good idea to give 
your van the torque it will need to do 
the job. It would be best to install a 
dual-exhaust system at the same time. 
Exhaust emissions should stay in 
compliance if you install a computer 
PROM (programmable read-only- 
memory) matched to the engine, trans- 
mission, axle ratio, tire size, and ex- 


| haust system. However, you should 


make sure this modification is legal in 
your state. As to the source of the 350 
engine, considering the cost and war- 
ranty, I'd suggest a Chevrolet Target 
Master replacement unit. 


Crank«ase cocktails 


Every 2,000 miles I have the oil and 
filter changed on my 1988 Lincoln and 
1989 Mustang. I always buy an extra 
quart of oil, just in case I need it, but 
never seem to use it. Would it cause 
any damage to use this leftover quart 
on a regular oil change even if it's a 
different brand? 

V. L. Osborne, Lake Havasu City, Ariz. 


It’s not a good idea to mix oil brands 
frequently, but as long as you use pre- 
mium oils that meet the car manu- 
facturer's specification, you won't be 
making a major mistake. Because your 
cars are relatively new and have low 
mileage on them, there's not much of a 
chance that the blend of oils will cut 
loose residual materials inside the 
engine and do damage. 


Got a problem? Send it to "Say, Smokey—," PoPULAR 
SCIENCE, 2 Park Ave., New York, N.Y. 10016. All letters 
are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey 
cannot reply to letters not selected for publication. 


A selection of products and services for PoPuLAR Science read- 
ers available direct by mail. Enjoy the fun and convenience of 
mail ordering shopping. Please order directly from the adver- 


386™ 25 COMPUTER with 
80MB HARD DRIVE and 
64K CACHE MEMORY 


CROW Niara 
AUTOMOBILE CD 
| PLAYER WITH HIGH-POWER АМР 


CGO FUT EH Е 


* Intel 386™ 25MHz, 
full 32 bit processor, 
* BOMB hard drive/28 
, millisecond access 
time. * 1MB RAM 
expandable to 8MB 
on motherboard. 
* One 3-1/2" 1.44MB 


floppy disk drive. Sae 

* One 5-1/4" 1.22MB * Digital compact disc player. 
floppy disk drive. * 3-beam laser pickup. 

* 64K disk cache * High power amplifier. 
memory expandable * in-dash or under dash mounting. 


| *16 random program memory. * Output power: 100 watts. 
* Auto loading system. * All or one repeat. 

« Skip button allows you to play the next or previous track. 
* LCD readout. * Night illumination. 

* Fader control, balance control. + Bass and treble control. 
* Use with your current car stereo system. 

* Pause/play, stop/clear, volume controls. 


= Made in Japan. 
Mfr. Sugg. Retail: $439. 99 


' to 128K. * 16-bit VGA 4 
card: 800x600 with 4 80 MB Hard Drive! 
256K memory. » Expansion 
slots: six 16-bit (4 available), one 8-bit, one 32-bit slot. 

* 2 serial ports, 1 parallel port, 1 game port. * Five 5.25" 
drive bays exposed (three available). * 80387 math co- 
processor socket. • 1 Yr. Mfr. Warranty! • Factory New! 

VGA Color Monitor: * 14" high resolution monitor. 


"iBMcompatble, Mfr. Sugg. Retail: $5,094.00 


e Dim.: 7"W x 1.9"H 


x 5.6"D. 
. ion: * Model #: CCD-5500. 
Wa DAMARK$4 QQ Q99 стег PAMARK $1 ДО 99 
• Analog input PRICE Labor Mfr. | | | 
signal. Item No. B-2553-162737 Warranty! Item No. B-2553-145185 
» Tilt swivel base. Insured Ship/Hand.: $69.00 Factory New! Insured Ship/Hand.: $9.50 


RAPICOM 205 DESKTOP 


CASIO 


20. FAX MACHINE WITH 30 
DIGITAL HORN | PAGE AUTO DOCUMENT 
* 6 preset tones: saxophone, : FEEDER 


trumpet, synth-reed, oboe, 
clarinet, flute. 

* Portamentor effect- 
provides smooth glide 
from one tone to the next. 

* Key transpose button 
allows you to raise or 
lower key in half-step 
increments. 

* Octave button-press to 
raise the key by one octave. 

* MIDI out terminal. 

* Built-in speaker for 
dynamic sound. 

* Volume control. 


* Modem speed: 9600 bps. 

* 30 page auto document 
feeder. 

* Auto paper cutter. 

* FAX/TEL switching. 

* 16 level gray scale. 

* CCITT group 3, 2 and 
NA 6 minute compatible. 

* Auto fallback. 

* Transmission speed: 20 
seconds. * Fine and standard resolution. * 70 location 
capacity. * Auto/manual reception. * 100 location polling. 

* Auto/manual contrast control. * 20 character LCD. 
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1 PE oo 


* Thermal printing. * Print width: 8.3". * Auto redial. 
* Headphone capable. * Made in Japan. * Dim.: 6.1"H x 16.8"W x 13.8"D. 
«Uses 5 "AA" batteries Керде 
А Weight: 28.7 lbs. 
aeni : Model #: 205. 
* Color: Black. | "E. | : 
Color: Black ay Mfr. Sugg. Retail: $189.50 -Factory ^ Mfr. Sugg. Retail if New: $2,295.00 


reconditioned. 


x 6"D. DAMARK 99 D DAMARK 599 99 
isona РАО I ат PRICE III > 
Item No. B-2553-161715 Warranty! Item No. B-2553-162758 


through Mfr. i 
А Factory New! Insured Ship/Hand.: $6.50 


ШИШ ИШ ИШ ИШ ИШ ИШ ИШ BOE ИШ OG ИШ ИШ ИШ ИШ ИШ 
FOR FASTEST SERVICE CALL TOLL FREE 


I К. 1-800-729-9000 


Customer Service: 1-512-531-0082 Ue T 


Insured Ship/Hand.: $25.00 


NAME E 

ADDRESS Г] E — 

CITY а ST ZIP DELIVERY TO 48 U.S. CONTINENTAL STATES ONLY SUB TOTAL 
| PHONE 2 in MN add 6% Sales Tax 

CARD NO. EXP. DATE [] Check/Money Order лаца 
| SIGNATURE 1. Copyright 1990 DAMARK International, Inc. GRAND TOTAL 

Send To: DAMARK International, Inc., 7101 Winnetka Ave. N., Eod MN 55428-1619 All rights reserved. B-2553 
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tiser. For advertising rates for this section, write or call Diane Pahl, 
Direct Response Manager, PoPuLAR SciENCE, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


SPECTRALSTAR PHOTO, SLIDE, FILM АМО f 


| AUDIO MIXER 
Transfer all TRANSFER SYSTEM 


slides and film 
onto video ; 
tape—even 
dub in voice- 
overs or back- | 
ground music 
all with this 
one compact 
Image Transfer 
System! | 


• Transfers film, slides, photos and sound to video tape. 

* Built-in stereo sound mixer adds voice overs or music 
to video. * Hooks up to stereos, VCRs, television sets 
and film/slide projectors. * Multi-coated macro lens for 
use with most camcorder. * Adjustable mini screen for 
film/slide projection. + Photo holder. * Collapsible table 


Wins «1955 Mfr Sugg. Retail: I $1 99.95 
‚ Model #: DAMARK $ 99 
V-0770 WHF. PRICE 


» 60 Day Mfr. Warranty! 


* Factory New! Item No. B-2553-153353 


Insured Ship/Hand.: $6.00 


[ЧЕТТЕ BREAD MACHINE 


Bake homemade E 
bread in just 5 min- E: 
utes with this auto- - 
matic Bread Machine. | 
Buy now and save! 


* Homemade bread mixed and 
baked automatically. E 
* No mixing—the dough paddle |... 
does it automatically. : 

* No hand kneading! 

* Auto LED programmer and 
clock. * Micro-computer 
control center. 

* Large heater and sensor. 

* Glass obseration dome—great for watching the 
entire process. * Colorful recipe booklet. 

* UL listed. * FCC listed. * Model #: ABM #100. 

* Dim.: 10-5/8"W x 14-3/4"H x 12"D. 


ponies Mfr. Sugg. Retail if New: $299.99 
“Factory — DAMARK$ | 99 
Reconditioned. PRICE — 
— Item No. B-2553-131334 


Insured Ship/Hand.: $13.00 
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MAKE MONEY 
| Swiss International 
| GOLD AND PRECIOUS METALS MERCHANTS* 
Will buy your scrap... D Gold 
- x O Unwanted Estate or 
damaged jewelry 
D Dental Gold 


MAIL THIS COUPON e 2 
[ FOR FREE FACTS! | АТЛАС 


| TRAIN AT HOME 
FOR A BETTER | CAREER 


ae =: He d пер. аи on em n can 
{ train at home for the career | have chosen. | under- 


UU EN NE Clocks ard Fumiture | 
jj and Finished 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 


stand | am under no obligation and no salesman will 
visit me. CHECK ONE BOX ONLY! 
ASSOCIATE IN SPECIALIZED ASSOCIATE IN SPECIALIZED 


BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS Grandfather Clocks, Purchaser becomes owner of goods received. 

` i i; Я | All metals to be melted down and considered 

С —- : Моа Engineering Mantel and Wall Clocks | scrap. Record of transaction to be enclosed. 
7 Business Management ! Civil Engineering Tech. liCurios, Tables, Chairs, Print in block letters & include in your parcel, your 


_ name and full mailing address. . 
Send to: Fax: (416) 727-7579 


with option in Finance | Electrical Engineering Tech. Desks, Cradle...and more! 


Business Management . . Industrial Engineering 


|- with option in Marketing Technology u lll Solid 3/4" Black Walnut, In U.S.A. raros 
-> Applied Computer Science =- Electronics Technology 8 Cherry, or Oak T s ^ - - oe н - 
: Hospitality Management z ! | е ob M 
0 0G — Heirloom Quality Dept. ept.. 
DANEI даана ларо | 269 Portage Road 301 Sheppard Ave. W. 
: Programming Voli wn ы * Piven Se Ty не li Solid Brass West German Lewiston, New York Willowdale, Ontario 
с Computer : Child Day Care Office | Movements and Dials 14092 U.S.A. M2N 1N4 Canada 
rogramming/ X. Legal Assistant i Art | | 
COBOL — ТУЛСА Repair  Wildlife/Forestry а Мопеу Back Guarantee 
| Personal Surveying Conservation | 
Computer Mapping Veterinary 
Specialist Catering/Gourmet | Assistant 
1 Computer-Assisted Cooking Diesel Mechanics 
Bookkeeping Fitness & Nutrition ` Electrician 
1 High School — Small Business .. Interior Decorating 
| Bookkeeping Management г | Motorcycle Repair 
| ; Secretar — Drafting _. Gun Repair | 
1 Medical/Dental : Air Conditioning & . . Photography 
Office Assistant Refrigeration `` Journalism/ Short 
Legal Secretary — Microcomputer story Writing 
-1 Fashion Repair Dressmaking & d | 
„ Merchandising ` Electronics . Design Of in KIT fom 
LAUR RCRA WERGER за Tour ш Use it to landscape your home or 
EM | build a road; Excavate a basement, 
poo!; Garden; Haul logs, clear trees 
€ÁÁ— ——— | and brush...and Do It All Yourself. 
| work for others fo itra Н! 
Аййге$$ Apt. # | nA Zip „Work for others for Extra CASH 
M (Please Print) - e CATALOG of uses.... 51.00 
ys. а na | e TECHNICAL MANUAL of 
"i { EMPEROR’ Construction detail. 37.008 
дый b Wiss SOLAIRE of Grandfsther Clock Kits Ф VIDEO (30min). $18.00 
m international Correspondence Schools изин биги о | 
| 3821, rRUCK-KI 
) Dept. APCS118, 925 Oak Street, Scranton PA, 18515 B | Fairhope, Alabama 38542 Ш Phone 1-208 328.2316 Ee 


Box 307 e Dept: PS21 


SS шыш CEDARBURG, WI 53012 


HEN E авы шын 
Bi A Subsidiary of National Education Corporation 


SINGERS! 
- REMOVE VOCALS 
| FROM RECORDS AND CDs! 


CABLE TV EQUIPMENT 
LOWEST PRICES 
HIGHEST QUALITY | 
| argest 


JERROLD - OAK - SCIENTIFIC ATLANTA Manufacturer 
HAMLIN - ZENITH - PIONEER Of Portable 
MANY MORE CALL TODAY! | Sawmills 


Y Only quality products sold Y Easy to use 
VSatisfaction guaranteed Y Knowledgeable sales staff 


V Orders shipped within 24 hours 
CALL OUR Four Models To Choose From 
BUY DIRECT 


we 


* 


аА. 
OWNS TOUR С | SAWMILL | 


SING WITH THE WORLD'S BEST BANDS! 
An ünlimited supply of Backgrounds from standard 
stereo records! Record with your voice or perform live 
with the backgrounds. Used in Professional Performance 
| yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
| LT Sound - Not sold through dealers. Call or write for a 
| Free Brochure and Demo Record. 


LT Sound, Dept.PS-3,7980 LT Parkway 


| Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold Exclusivel LT Sound 
24 HOUR PHONE DEMO LINE: (404 482-2485 


44-раде аштоо к use 
HOTLINE TODAY 
demonstration video—$10.00 E 
NU-TEK ELECTRONICS 


ЕКЕЕ LOW Mas: 

CATALOG ЕЗ CATALOG 1 (800) 553-021 9 ` 
PRICE | 800) (317) 271-1542 - 
FREE : you патанае Or van eh d 
1-800- 228-7404 to order our 50-minute f 
MAKE THE CONNECTION ТО B180 W. 10th Serer eri MEI. Da 

5114 Balcones Wood Dr.#307 Dept.29 

Austin, ТХ 78759 


President "Look-Alike" 


An Exact Replica! Gold-tone, Day, Date, 
\ Hidden Clasp, Simulated Diamonds, 
г State-of-the-Art Quartz Movement. Easi- 
f! ly confused with the real 18K Gold Rolex. 
Ladies’ or men's. Only $39.95 (add $5.00 | 
post/hndlg/insur. In CA, add $2.60 tax). | 
COD-OK. Call 1-800-648-4600 or send 
check to: AVADIO , 9016 Wilshire Blvd., 
Ste. 828-2, Beverly Hills, CA 90211 


PROTECT YOUR VALUABLES! T 


The TRACE MARK im- 
presses your identifica- 
tion code discreetly and 
permanently in most 
firm surfaces. Magnifi- 
cation reveals a clear 
impression for positive 
ID. Recommended by 
police and insurance 
z И companies for: 
SY | e cameras е jewelry 
A Unique Gift Item * electronics • firearms 
* etc. 
MICROSTAMP CORPORATION 
Ө: 2770 E. Walnut St. Tel. (818) 793-9489 
=v Pasadena, CA 91107 Fax. (818) 793-9491 
800-243-3543 


Do It Yourself | 


| 1500 sq.ft. home plans & fully engineered 
connecting hardware— $3250. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to- assemble, energy-efficient. 
New 40-page color catalog & more— $12. 


Ам TIMBERLINE GEODESICS 


2015 Blake St., Berkeley, CA 94704 1-800-DOMEKIT 


| DESCRAMBLER LIQUIDATION! 
| FREE CATALOG! 
| Hamlin Combos $44, Oak M35B $60 (min. 5), etc. 
WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 
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+ # k 4 ¥ PRESENTING 4 4 9с 4с # 


DESCRAMBLERS 
ж 4 eee STARRING X A dx 4 
JERROLD, HAMLIN, OAK 


AND OTHER FAMOUS MANUFACTURERS 

e FINEST WARRANTY PROGRAM AWAILABLE 

* LOWEST RETAIL WHOLESALE PRICES IN US 

= ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-709-9937 


PACIFIC CABLE CO., INC. 
25 73251 Reseda Bivd., Dept 1452 
E Reseda CA 91335 


ds Great For Northern Climates! 
ФРЕЕ! SOLAR GREENHOUSE PLANS! 


70* inside NOE SS 30° x 96 
30* Outside puel Built For 
Without Heaters — Under $1500 


F 1 F та. 
MAKE to $100,000 Yearly With 

in. n] i РЫЙ Ру. Г Р 

A SINGLE GREENHOUSE! 

See Our Book on a 100% Money-Back Guarantee! 
Secrets fo a Successful Greenhouse Business 
and Other Profitable Horticultural Projects 
11 - Schon Manual by One of Florida s largest growers-T_M. Taylor. Compiete 
Hep-Dy-siep detis on how fo make $25 000 in three months wih one 
ghesnhouse growing бонда planta, herba. annuals or Hydro vegetables 
Fun, @аву plan to success Rewarding and зашто work 119-Page book 

ew buda. .. А 

a Which planis and how to grow [herr * Preng, bowing. shuppeng and palling 

s Sol maaa lerllêrfs, ingect control “Where bo gel supplies and miet leads 
a Cirownmng For Ся, amd local markets * Compuliri bogkkeeping. advertising 
a 10 матны Punt Buyers List sLicsnasa Permits. Fieqguiatpnt 

è Саі wand мур orders n advance * fgnecaaily crops im huge demand 


Send $19.95 - $2.00 Shippirg to: T.M. TAYLOR CO. 
P.O. Box 500544 - D« pl. 5, Malabar. FL 32950 


1 ROM FIRING MODEL GUNS... 
Sale! Full size. Zinc Realistic. 
О 30 рате. Сат FREE Catalog 
I co. R'S ARMOURY Credit 
MES Sa, Deot P< er 
C ME CET ME ERA 
[SUBSCRIPTION SERVICE | 
C] New O Renewal | 
| [ ] Change of address | 
[11 YR. $13.94 (3 2 YRS. $24.97 
| O1 YR. (Canada and Foreign) $17.94 
D Payment enclosed O Bill me later 


Be aLOCKSMITH! 


"Before enrolling 1 
checked other course: 
and also asked for 

| advice from several of 
the profersional 
locksmiths im my area. 
They ail said Foley- 
Belsaw was tops and has 
the most versatile 
Key Machine. 

"I always 
wanted to have 
my own business | 
and now I do, thanks to Foley-Beliau" 


David Fairbrother— Dave's Locksmith Service 
Milwaukee, Wisconsin 53208 


Werk Part Time, Fall Time — Right at Home. 


Be Your Own Boss 
...IN YOUR OWN BUSINESS! 


Hundreds we've trained have succeeded in this 
enr and highly profitable profession . . 


..Y OU Can Do It, Too! 


“No more hard, nasty work for me. 
Now I have my own business and with 
hardly any effort I average around $50 
a day. Thanks for my new start in life." 

Sam Walker Prichard, Alabama 


"| opened my own business, spare 

time, seven months after I enrolled and 

made a profit of $329 for the first week." 
B. A. Deberry Littleton, Colorado 


Get into this booming high-profit business that's 
Easy to learn — Easy to do — Easy on You! 


Never before have money-making opportunities been so N Extra 
great for qualified Locksmiths, Now lucrative regular o ^ I Included With Your 
lock and key business has multiplied a thousandfold as ` Cost! Locksmith Training 
millions seek more protection against zooming crime. | 


Yet there's only one Locksmith for every 17,000 people! ALARM 
Make Up to $26.00 an Hour — even while learning! tomer a 


Train FAST at Home! 


You're “in business” ready to earn $10 to $26.00 an 
hour a few days after you begin Foley-Belsaw's short- 
cut training. Take advantage of today's unprecedented 
opportunities in locksmithing for year-round EXTRA IN- 
COME in spare time — or fulltime in a high-profit busi- 


training. Covers 
all phases of 
Burglar, Hoid-Up 
and Fire Alarm 
servicing and in- 
stallation. This 
valuable and 
timely instruction 


ness of your own. Hundreds we've trained have done includes all special tools and 
it. So can YOU! All tools plus professional Key supplies. ONLY Foley-Belsaw offers 
Machine given you with course. These plus practice such extensive training in this 
materials and equipment, plus simple, illustrated les- rapidly expanding field as a part of 
sons, plus expert supervision, plus business-building SUR ‘cache ee 
guidance will enable you the KEEP THE MONEY eis еса 
OMING IN! Ideal for retirement — good jobs, too. stall and service Sate, vault and 
SEND FOR EXCITING FACTS—No Obligation ank Sare-Jepos't бох locke 
Discover what's in Locksmithing for you — how Foley-Belsaw's Муй dolce iam adio 
master-locksmith-approved training can give you the skill you 
can depend on to EARN MORE — buo? LIFE MORE. | 
PRO KEY ALL SPECIAL TOOLS AND 


EQUIPMENT BED! 


| | TO 
поа | || KEEP! 
| ; T $ | This Pro Key Machina can 
: FEE : alone add up to $200 a « 
|: ilk : | month to your income.. 
: =52 0 ; and it won't cost you а pen- 
| Hn ; j| atem with your training. 
. | : = ME E. 
4 8 г E Find out all about it! 
| "e д ©, р б g i & A | Just fill in and mail coupon below (or send post- RUSH FOLEYBELSAW INSTITUTE 
. SSD |69 card) to receive full information and details by 6301 Equitable Rd., 1. Dept. 20288. 
SUO РВЕТВ “м, 5 | return mail. DO IT TODAY! COUPON Kansas City, Mo 
E DEM | 
POSER | | o 
: Gig : ри | POLEYBELSAW INSTITUTE 
: Е $ Е $ : | RUSH COUPON TODAY 6381 EQUITABLE AD., DEPT. 11934 
HE i | | FOR THIS FACT-FILLED KANSAS CITY, MO. 64120 
| ; $ $28 : in | (О YES, please send me the FREE booklet that 
: a 2524 : ы m gives full details about starting my own business in 
: : = a - : = Locksmithing. ! understand there is no obligation 
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Stargate conve converter ........ 
Panasonic TZPC145......$99......579 


30 Days Money Back Guarantee 
Free 16 page Catalog 


Visa, M/C, COD or send money order to: | 


US Cable TV Inc. Dept.kPs2 


4100 N.Powerline Rd., Bldg F-4 
Pompano Beach, FL 33073 


1-800-445-9285 


| For Our Record 

| I, the undersigned, do hereby declare under penalty of per- 
jur шн all wee he] now and sd inte шге wi 

on Cable TV systems um authorization 

cd local officials or cable com in accordance 
with all applicable federal and state’ fei FEDERAL AND 
VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL 
CRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZED 
Date: 


Yes, it's really possible % making and 

selling bright colorful Badge-A-Minit 

buttons. Buttons are 

proven money-makers at fairs, 

flea markets, conventions, or 

anywhere people congregate. 

They re fast and easy to make 

with Badge-a-Minit and 

inexpensive! 

Send for a FREE Full color 

catalog or send for a 

Starter Kit, only $29.95 

plus $1.75 shipping (11 

residents add $1.87 tax) e -— 
BADGE-A-Minit, Dept P3291 348, North 30th Rd., Box 800, 
LaSalle, IL 61301, Phone 800-223-4103 


FREE CATALOG! 


1-800-648-7938 


JERROLD HAMLIN OAK ETC 


` CABLE TV 
DESCRAMBLERS 


e Special Dealer Prices! 

e Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
e Orders Shipped Immediately! 


REPUBLIC CABLE PRODUCTS. INC. 
= 4080 Paradise Ad. #15, Dept 515 
L Las Vegas, NV 89109 

For all other information (702) 362-9026 
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-US Cable will - 
Beat Anyone's 
oe Pree) 


_........... $169....$129 Ere E O e ees 


аљ DO IT ALL YOURSELF | 


ОШОН ШАСТ | 
"PT MOTOR TREATMENT 
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with FluroCote 
FluroCote Friction Reducing 

| b pa Treatment can give 

| your engine maximum 
шшш Protection. .. do away with 
es power stealing engine friction. 


esc Delay costly overhauls. 


FluroCote is a metal treatment | 
not an oil additive. Lasts oil ё 
[ change to oil change for 

50,000 miles, Guaranteed to gS 
reduce or prevent intemal МЕЧЕВА 
motor friction. Proven py № 
leading race drivers. Used in 
the space vehicles that took | 
American astronauts to the moon. 
Produced by using PTFE, the 

most slippery lubricant known. $1 9.95 + $2 s/h. 
ORDER TODAY B oz. treats average engine 
CALL TOLL FREE 1-800-999-1995 


MONEY BACK GUARANTEE IF NOT SATISHED 


Коен“ BEA | 


| Please send me 8 oz. bottles FluroCote. І 
lam enclosing $ ($19.95 + $2 S/H) 

Calif. res. add 6.5% sales tax. 

i Charge my Visa — MC. Discover — Amer.Ex. — і 
Сага # _ | Exp. Date 

| Name і 
Address "p O — 
City = 

|] = Zip . | 


Mail to: TEI, Inc. Dept. Р52 
| 202 W. Hillcrest Ave., San Bernardino, СА 92408 | 
| — E aaa pw] SEIN ea p: p EE 


Make and Sell Your 


Own: Ornamental = 
22224 


Concrete Items! 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 

| secrets from the world's 
largest mold manufacturer. 


CONCRETE MACHINERY CO., INC. 
P.O. Box S99, Hickory, NC 28603 


TELESCOPES? WHY PAY MORE FOR LESS? 
| 8" Astronomical Telescope Complete. 
| Ready-to-use. Only $275.00 Send for free 
| 34 page packet 

COULTER OPTICAL, INC. P.O. Box K, Dept. 

P.S. Idyllwild, CA 92349 


Satisfaction Guaranteed Phone/714-659-4621 


WOOD FURNACES 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 


Charmas ter^ 


2307 C 
GRAND RAPIDS, MN. 55744 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE. 


SOLUTION. 


Call 
1-800-SOS-RADON 
to get your Radon 
test information. 


CHECK IT OUT! 
There are more opportunities, 
products and services offered in 
the "Classified Opportunity Mart,” 
immediately following this section. 
You may find just what you've 
been looking for. 


IF YOU'RE NOT 
RECYCLING 
YOU'RE THROWING 
IT ALL AWAY. 


1-800-CALL-EDF 


pun es) d 


SAVE YOUR COPIES OF 
POPULAR SCIENCE 


These custom-made titled cases CASE 
and binders are ideal to protect у} 
your valuable copies fromdamage. 
They're designed to hold a year's 
issues (may vary with issue sizes), 
constructed with reinforced board 
and covered with durable leather- 
like material in red, title is hot- 
stamped in gold, 
cases are V-notched 
for easy access, 
binders have 
special spring 
mechanism to 


hold individual 

rods which easily 

snap in. BINDER 

Cases: 1—$7.95  3—$21.95 6—$39.95 
Binders: 1—$9.95 3—$27.95 6—$52.95 


POPULAR SCIENCE 
Jesse Jones Industries, Dept. PS 
499 East Erie Ave., Philadelphia, PA 19134 


Enclosed is $ for Cases; 
Binders. Add $1 per case/binder for 

binder (US funds only). PA residents add 6% 

sales tax. 

Print Name 


Address 
No РО. Box Numbers Please 


City 


State/Z1 | 
CHARGE ORDERS (Minimum $15): Am Ex, Visa, 
MC, DC accepted. Send card name, #, Exp. Date. 
CALL T OLL FREE 7 days, 24 hours 
1- 91-800. 972-5858 _ 
SATISFACTION GUARANTEED 


Ё | 


| Other great books on 


| 1906. Build cameras, 
| hydraulic ram, Geiss 


| OFFICIAL 1934 
| Shortwave Manual 


Electrical Books 


TESLA COIL 
SS SECRETS! 


Page through the private note- 


A 
books of a builder of lightning 


r^ bolt generators! Incredible 
diagrams and secrets! Rare info! 
Paperback book. Only $6.95 


Shortwave Manual! 
Build 12 different hot short- 
P wave receivers from this 1937 
р construction manual. Photos, 
? diagrams, text! Wall-to-wall 
how to! Only $4.95 


MUCH MORE! 


etting high power from auto 


STRANGE 


HAMMARLUND | 


alternators, run three phase motors on single phase, | 


high voltage projects, perpetual motion, Tesla's | 


lost inventions, magnets, unusual electrical instru- 
ments, lighning bolt generators, and much more! 


Experimental Science 
Incredible two volume set from 
er 
er tube, mi- 
croscope, batteries, lenses, much, | 
much more. Classic how-to refer- 
ence. Over 1000 pages. Two 
volume set only $34.95! 


Build simple but powerful short- «2 
wave ps from plans in this 

1934 handbook. Includes new chapter shed 
how to use transistors to replace tubes! Heavily iE 


| lustrated paperback! Excellent! Only $14.95 
| MANY OTHERS: 


Static Electricity $5.95, Electrical Designs $11 50, 
Experimental Physics $23.95, Storage Batteries 


| $8.95, Power Inverter Technology $4.00, Arma- 
ture Winding & Motor Repair $16.95, 50 Perpetual | 


Motion M 


anisms $3.75, more! See Catalog! 


ORDER FROM ¢ 
THIS AD TODAY! | 

: Check, MO, Visa, 
MC, Handling: 75¢ 
first book, 25¢ each 
additional. Money- 
@ back guarantee. 


OR WRITE FOR 
A CATALOG! 


Write for your copy of 
Lindsay's unusual Electrical |, 
Books catalog and see for | METNE 
yourself what you've been | ME 
missing! Send $1.00 (US & 
Canada) or $4.00 foreign air- 
mail. We'll send your catalog. 
РЕБЕ" Write ae 


Lindsay's s Electrical Books 


PO Box 583-WT6, Manteno IL 60950 
Send the books marked and a free catalog! 

Ци Send just a catalog! $1.00 enclosed... 

Name E 

Address 

City 
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NOW! Get in on the 
PROFITS in |... 


SMALL. 
ENGINE r. 
REPAIR! `- 


Work part time, full time — 
right at home — we help 
you every step of the way. 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 

Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., 
and one-million new engines are being built each month. 
With fully accredited Foley-Belsaw training, you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers, 
power rakes, garden tractors, chain saws, minibikes. 
snowmobiles, generators, go-carts. paint sprayers. 
snowblowers . . . the list is almost endless. 


Por 
your own 
money mak 


business! 4 


b; 


Professional Tools and Equipment, PLUS 4 H.P. Engine 


YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated...so clear you 
can't go wrong, and with our famous '"learn-by-doing' method 
you get practical ‘hands-on’ experience. We also show you 
how to pet business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do It TODAY! 

NO Obligation - NO Salesman Calls! 
You risk nothing by accepting this offer to see how 
easily vou can learn the skills vou need to increase 
your income in a high-profit business of your own. 

Just fill in and mail coupon below (or send postcard 
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Жї? -BELSAW INSTITUTE 
B Kansas City, Mo. 641 


i Г] YES, please send me the FREE booklet that pes! 
B full details about starting my own business in Small - 
| Ш Engine Repair. | understand there is No Obligation and @ 


Й that No Salesman will call оп me i 
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Classified Opportunity Mart 


Exp, or Diners Club Account (give # & exp.) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising information call 800-445-2714. Fax #: 212-779-5568. 


— —— o— 9 


Reach 4.4 million readers every month with an ad in Popular Sciences . 
Classified Opportunity Mart. April '91 Issue Deadline (on sale 
March 12) is January 18. Rates: $11.25 per word. Min. ad 10 words. 
Darker type (Bold) words $1.00 per word extra. Display Classified: 
$625 per inch. Payment with order, or charge your Visa, MC, Amer. 


CABLE IVE 


DESCRAMBLERS_ 


JERROLD $105.00 
TRIMODE $119.00 
HAMLIN $102.00 
SCIENTIFIC- 

ATLANTA $140.00 
ОАК M35B $99.00 


COPY GUARD $59.95 
STARGATE... $99.00 


ZENITH $185.00 


MANY MORE... CALL OR WRITE FOR | 


FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


M.D. ELECTRONICS INC. 
875 SOUTH 72ND STREET S. 
OMAHA, NE 68114 


ORDERS AND CATALOGS CALL 
TOLL FREE 


l- 800- 624- 115C 
| 


FOR INFORMATION PLEASE CALL 


(402)554-0417 


gv CHOERENG CABLE TV EQUIPMENT FROM MD. ELECTRONICS THE PLA 
CHASEA AGREES TO COMPLY WITH ALL STATE AND FEDERAL LAWS 

REGARDING PRIVATE CANE RHF OF CARE Tw EQUIPMENT, IF YOU ARE 
LSE OF THEBE LAWI CHECK WITH FAH LOLA OFF CUR, 4 


STOP JAMMIMG ME 


If you rent video tapes they're 
jamming you too. 
When playing back rented movies you will notice 
nnoying flashes, streaks, jitters ect. This is caused 
у copy protection jamming embedded in the video 
Phe Video-2010 will spot and completely eliminate 
Macrovision and all current copy protection and 
amming giving you a crystal clear picture. 
suaranteed eliminates all copy protection 


“Completely automatic no adjustments. 
‘Digital state of the art. | | 
EBD on all TV's, VCR's, Beta, Cable. 


Order toll free М4 


1-800- 624-1150 


Call or write for your free catalog 
402-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 
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S> ARCHERY | 
ih Crossbow. emina WORD USA hergiz 
how, Fiberte glass stack, die-cast aliy пове front / raar 
wel micro-ad). sites, wind / ее, Bilalê trigger. вану, bras 
track БЕГ Y grips, MorteCario chaekpc scope 
up, AAO yous 225 tps 
Ї MS 40-70% OFF, 
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: iradhead 558-84 
7-day Satis. Cla NO COD ORDER NOW: WE'LL SHIP T 


| CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! | 


eJERROLD™ *TOCOM *HAMLIN 
eOAK *ZENITH 
eSCIENTIFIC ATLANTA 


6 month warranty! We ship C.O.D.! 
Lowest retail/wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109-E 
S.F, CA 94122 
NO CALIFORNIA SALES!!! 


ORDER TODAY!.1-800-327-8544 


AUTOMOBILES 


DETROIT DOESN'T OWN IT Layout & 
description of LPG gas conversion carbure- 
tor for automotive use. Send $12.00 to M.D. 
Gondek, Box 1144, Sterling, VÀ. 22170. 
Other items available 412-34 -3369 


PRACTIC AL FUEL SAVING for Carbu- 
retors and Fuel Injection. Free Details, 
Eagle Research, 1-800-663-4758, 1-604- 
426-7229. 


CARBURETOR ENHANCER. Can 
double mileage, retains full power. Free 
Details, CARB-TECH. 1-800-667-1192. 
1-(604)-489-5187. : 


AUTO DEER ALERTS 
PREVENT COSTLY ACCIDENTS 
me рны rae NOH бы Kn ut 


aec 


— $3. 95 (Per Pair) Plus 5125 5 + H 

MAIL $5.20 (PA RES. $5.50) TO: 

M & M SPECIALTIES 

P.O. BOX L796, (DEPT PS) LANGHORNE, PA 19047 


DRUG SEIZED Mercedes, Fords, Por- 
ches, Vans, Trucks, houses: Write: Seizures: 


AY | 
BLACKHAWK bU 228-2323 or 801- 97, Es | 
: OWS.IN TA Sali Lake City. U 


Box 4309-YA, West Covina, CA 91791. | 


Dorothy Ellis, Clássified Advertising 


BUILD A BIKECAR 


The Amazing Mini Car You Can 
Build with Bicycle Parts! 
Electric Molor g 

and Pedal 


Powered! 
Fun to Drive! 


Easy to Build! jj 
Fall онн а Detailed BIKECAR CORP 


| Pp r „5 
PLANS $11. 95 vais Endicott, NY 13760 


FUEL CONTROL ADJUSTS CARBU- 
RETOR, AS YOU DRIVE. Better Mileage, 
Racing. Easy installation. Cagle 800- 
327-1501. 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. 5-20025. 


PROTECT YOURSELF FROM BEING 
TAKEN on your next car. Recognize covered 
up flaws with simple tests. Car dealer tells 
how. $5.00. JB Enterprises, Box 175Р5, 
Greenfield Center, NY 12833. 


SLICK 50 at a discount. Dealers wanted. 
1-800-747-9713. Independent Distributor. 


NO GAS! | 
NO POLLUTION! 


ADJUSTABLE SAIL SIZE 
SEATS TWO PEOPLE 


LANDSAILER 


WINTER ICE SAILING BY STEP INSTRUCTION 


DESIGN f^ Plans $15 AMERICAN SAND YACHT 


RUGGED | 
EASY TO SAIL : 
EVEN FOR BEGINNERS — 7184 HWY 101 YACHATS, OR 97498 


FREE AUTO RUST PROOFING for De- 
tails Send $4.95 to: Terry Lutice, 4254 18th 
Street, Dorr, MI 49323. 


PROPANE CONVERSION: for Fact 
Sheets, Test Data and Cost Send $5.00 to 
Abo. Auto Parts, 811 Fairfax, Carlyle, Il. 

231 


SAVE UP TO 20% ON GASOLINE. 
Send $3.00 and Sase for plans to: Gas Tech, 
Box 821223, Dallas, TX 15382. 1223. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Dept. S, Waldorf, Mary- 
land 20604. 


IMPROVED Fuel Economy From Your 
Carb? Get The Facts. $6.00. KMG Research, 
Box 2027, Westfield, MA 01086-2027. 


AUTO SUPPLIES & EQUIPMENT 


CORVAIR PARTS - over 8000 COR- 
VAIR Parts in 400 page illustrated catalog 
$4.00. Clarks CORVAIR Parts, Inc. Rt. 2, 
Shelburne Falls, MA 01370. 413-625-9776. 


FIGHT CORROSION Revolutionary 
New Product SALT-X COUNTERACTS 
SALT Super Concentrated RUSH $19.95 
Including Shipping To: R. Lee, Box 471031, 
Charlotte, NC 28247. 


эс ктт м СҶҢҶДЈ | 
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SAFER NIGHT DRIVING | 
GLARE CUTTER 


Reduces DAZZLE from 


| oncoming car lights. 


Position Cutter on left 


| inside of windshield 
| with suction cup. Does 
| not obstruct drivers vi- ` 


| sion. Made for all people who drive at night 
and older people who have trouble focusing 


| after looking into glare of headlights. 


Send $8.95 plus $2.00 shipping ($10.95 


| total) to Steele Plastics Mfg., Dept. PS-3, 


| 2625 Algonquin Ave., Ashland, KY 41102, 
Check, Visa/MC. (606) 329-1433, Satisfac- 
tion quaranteed. Dealerships available. 


U.S.A. Patent No. 4,773,696 


ا 


ALTERNATOR Generator Re building 
Book. Price: Hedelund, 7505 Barkentine,| 
LasVegas, NV. 89128. 


BETTER HEALTH 


BUILD BIGGER MORE POWERFUL! 
MUSCLES, FASTER, FREE BOOKLET. 
HERCULES BODYBUILDING, 1223 
Borg-5, Temperance, MI 48182. 


NEW YEARS RESOLUTION DIET? 
Bathroom Scale $25, lowa $26. Money back 
Guarantee! Health Products Ltd., 155 Rob- 
ins Road #156А Hiawatha, Iowa 52233. 


| 
STOP POLLUTANTS DEAD, EFFEC- 
TIVELY ELIMINATE, Smoke, Chemical 
Gases, Odors, Bacteria. Pollens, Mold. - 
Home or Business - send $5.00 for informa- 
tion on Hi-tech breakthrough. PREMIER 
SOLUTIONS, 15705 193 St. East, Hast- 
ings, MN. 55033. 


REDUCE you and your families EXPO- 
SURE TO RADON, the second leading 
cause of lung cancer. $7.95. Richards Assoc, 
P.O. Box 23138, Milwaukee, WI 53223- 0138. | 


BOATS, MOTORS & EQUIP. 


EVINAUDE—OTHER BRANDS 19589 
BARGAINS ... All Sizes... $200 Han- 
dling. Scott McCulloch parts ... Electra, 
Marine, 610 Merrick Road, Lynbrook, 
New York 11563. (516)599-3003. 


BOAT PLANS - PATTERNS - KITS - “| 
Unsurpassed selection. 168-page DESIGN 
BOOK - $4.00 AIRMAIL. GLEN-L. 9152) 
ани, Вох 1804/PS1B, Bellflower, СА 


80 М.Р.Н. UNDER $2000. тути") 
Airboat Plans, Parts Catalog $1. Universal, 
Box 281B Cordova, IL 61242 


_ ALTERNATE ENERGY 


FREE HYDROGEN FUEL and OXY. 
GEN from water. Generator uses solar cells. 
Plans and Kit $15.00. Prairie Power, Box 
8291, Edmonton, Alberta, ТЄН 2W6. 


SOLAR CELLS 


If vou want Solar Electricity at the Very Beat 
catalog 


rices, send $3 for our ex ed catal 
of New & Surplus Solar Electric panels, 
celis, inverters, controllers, books, and 
related technology for independent power. 
APPLIED PHOTOVOLTAICS 
Box 2773, Staunton, VA 24401 
"Bringing the cost of Solar Electricity 
down to earth." 


ALTERNATE ENERGY (Cont) 


| 200 
VENTIONS! 


ES | 


SUPPRESSED/DORMANT  IN- 
RARE INFORMATION 


DATABASE CATALOG! $2. REXCO, Box | 


19250, Jean NV 89019. 


FREE HEAT from WASTE OIL 


Smoke and soot free. Very inexpensive. Tested by EPA in 


Alaska. Used worldwide. Heal shops and other buildings. | ' 


— «t+ Forge, foundry, and other uses. 


/ for plans for burner, heater unit, 
and fowndry furnace. 
Waste Oil Plans, Dept P, 
Box 1148, Fort Benton, 
MT 59442 


. 140,000 BTU 


, TME HOMEBUILT DYNAMO (1987) 


omplete illustrated Low-tech plans 
b65 JS) postpaid airmail. Reviewed 1989 in 


MODEL ENGINEER (December 15) and | 
POPULAR ELECTRONICS (December). | 


Brochures $2. Todd-Forbes Publishing, 
гер. PS, Вох 3919, Auckland, New Zea- 


AMAZING SECRET KNOWLEDGE 
suppressed by government/industry. Cata- 
log $2. Borderlands, Garberville CA 
35440-0429 


` FREE HEAT, Solar plans I've done. Plans 
and explanation $19.95. L. and S. Construc- 
Hon 11880 N. Galvin Ave. Marshfield, WI 
54449 

FREE Alternative Energy. Information: 
K-Grafx, P.O. Box 88, Oak Run, CA 96069, 
916) 472-3048. 


NEW Water Fueled Engine! Free Catalog. | 


CEACU, Box 261P, Morton, WA 98356. 


NEW! BUILD AMAZING LIGUID PIS- 
TOM ENGINE from pipe fittings. Eas 


Plans. Free information. ABCO, Box 306-52. | 


Seminary, MS 39479. 


ENERGY SAVING PLANS Home, Auto, 


Business, Solar, Wind, Geothermal. Free 


info. SASE. ENERGY, 155 Augustine Ave., 


Charlestown, WVA 25414. 


FREE OIL HEAT Build a waste oil burn- 
er, Send $12.95 for plans. Zion Enterprises, 
Box 1625, Plymouth, MA 02360. 


PRODUCE YOUR OWN METHANE 
GAS using common items. Easy to do. For 
lans send $10.00 check or money order to 
rkman Marketing Research Services P.O. 
Box 2045 Susanville, CA 96130 


ARTS & CRAFTS 
“GETTING Started In Stained Glass” 


51.00. Whittemore, Box 2065X, Hanover, 
MA 02339. d 


=AmeriGlas 


lens in dass 
FREE Stained Glass Catalog 


Create elegant stained glass ornaments, 
gifts, and other beautiful items easily and 
affordably. Choose from a full line of 
glass, bevels, tools, and supplies. . . 
everything you need. And all of our 
products are 100% satisfaction 
guaranteed. Call today for 
your free stained glass catalog, 


1 800 927-7877 


ASTRONAUTICS 


ЗО ANTIGRAVITY METHODS! Amaz- 
ing Catalog: Send $2.00. Rexco, Box 19250, 
Jean, NV 89019. 


HUGE FLYING Rocket Kits. Motors. | 


51.00, HSR, Box 5127, Reno NV 89513. 


MODEL ROCKETRY. Widest selection 
of kits and payloads in Canada. Write: OAS - 
Rocketry Division, 606 - 116 Albert St., Ot- 
awa, Ontario, КІР 5G3 | | 

ROCKET MOTOR MAKING TOOLS, 


supplies. Catalog $3.00. Impulse Reactions, 
P.O. Box 61342, Seattle, WA 98121. 


} send $5.00 (refundable) for dë- |. 
| tailed information & order blank 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 


models 


jja See iJ LPR: rS . "Xj А Ay 
[aic OES LG £d GILEN -F EUDE j 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


| Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


` BUSINESS OPPORTUNITIES 


$1804 MONTHLY! Buy/sell cars (spare- 
time) Revealing proof! Write: CODEX, 507 
Oak Drive, Friendswood, TX 77546. 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 

MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: 
wood, California 91609. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


MECHANICALLY inclined individuals 


desirin ae Weekly Profits operating | 


Small uring Business Without In- 
vestment write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


AUTO BATTERY RECONDITIONING! 
(EASY) EARN HUNDREDSS WEEK- 
Lv! TRADE "SECRETS" REVEALED! 
(FREE) INFORMATION! BATTERY 


OUTLET, BOX 3300P5, HICKORY, N.C. | 


RECYCLE METALS, NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys; Box 1214, Franklin, TN 
37065-1214. 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
Box 5529-Y, Diamond Bar, CA 91765. 

NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 


Build the best grant screen projection TV for home or high 
profit with lenses and screens utilized by SONY, ZENITH, 
| SYLVANIA, and MAGNAVOX! Simple construction! ilus- 
trated information, Profit plan, and complete parts catalog 
57 Money back guarantee! Earn $100. 000 yearly!!! 
POLI-VISION GIANT TV 
187 CYPRESS ST, THROOP РА 18512 


MAKE HOMEMADE BOOKLETS. 
ГУЕ EARNED $157,000 WITH MINE. 
MONEY МЕЧЕН STOPS! Free informa- 
tion: Dasher, Р.О. Box 5320, Sevierville TN 
37864. 


LET THE GOVERNMENT FINANCE 


your small business. Grants/loans to | 


$900,000. Free recorded message: 
707-448-0270. (JG6) 

$40,000 ON 13 ACRE! Newh ponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
37065-1214. 


ADVERTISE free in 550 Magazines. 


$5.00. Directory, Box 11W, Atlanta, GA | 


30301. 


MAKE YOUR DREAM COME TRUE. 
EARN 360,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S./CANADA | 
OR WHITE: GLASS MECHANIX INC., 
10170 NW 47 ST., SUNRISE, FL 33351. | 


Melvyn Powers, No. Holly- | 


HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819 

SPARE Time Fortune in Vinyl Repair. 
Huge demand. Exceptional 
thing supplied. Details free. ‚ 2036 Mon- 
trose, Chicago 60618. 


T-SHIRT PRINTING MACHINES. We 


manufacture professional single and multi- | 


color screen printing equipment. Inexpen- 
sive, Brochures, Info pack $1.00 irefund- 
able) Catco, 12201 NW 

Coral Springs, FL 33065. 


DRUG RAID SEIZURES! Buy dirt | 


cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizure: Box 4309-YD West 
Covina, CA 91791. 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG 310.00. HYDRAU- 
Lic PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


$200 $500 weekly AT HOME!! No 
zmmicks—Details FREE Homeworkers- 
, Box 32397. Palm Beach Gardens, FL 
33420. 

$24,000 IN BACKYARD! Growing new 
ا و‎ penip. Start with $60. Free infor- 
mation. Growers - Box 988-PS Friday Har- 
bor, WA 98250. 


$280 DAILY - Installing wireless home 


security systerns. Huge demand. Free re- | 
гі, Secure - Box 1058-PS, Bellingham WA 


8221. 


MAILORDER OPPORTUNITY: Start 


profitable home business without expe- 


rience or capital. Free book. Mail Order | 
Associates, Dept. 720, Montvale, NJ 07645. | 


$500 DAY OPPORTUNITY! SEND 


fits. Every- . 


35 St. #538P5, | 


SASE: + $1.00 TO: GREG BOOTH, P.O | 


BOX 1755, PENDLETON, OR 97801. 
FREE 30-MINUTE CASSETTE TAPE 


has taught over 50,000 people how to earn a | 


solid income without pushing products or 
companies. For recorded message call (708) 


895-4317. For FREE TAPE call Secure | 


Independence (800) 426-2751. 


. MAIL order bonanza selling books. 
$300,000 +. Step-by-step plan. Free. HPC, 
Box 3879. Torrance, CA 90510 


PROVEN ENTREPRENEUR oppor- 
tunities. Pamphlet $5.00. Box 570 Low, 
Locust Grove, VA 22508. 


STAY AT HOME! Make Over $100 A 
Day! (315) 397-2317 Anytime! Extension 
291 


ADVERTISE FREE, 700 Magazines, | 
S. Box | 


Instructions, Guaranteed, $7.95, 
298-H, Oliver Spring, TN 37840-0298. 


THOUSANDS EASILY. Free informa- 
tion. ialeffect Pyrotechnics, 4523 Wood- 
man, Box 56533, Sherman Oaks, CA 91413. 


ADVERTISE FREE in 2,300 Magazines, 
Newspapers, Radio, Television. $5.95; 
DIRECTORY, Box 14107DB, Jackson, 
MS 39236. 


SCREEN PRINT T-SHIRTS. Inexpensive 
kits. Free Details. T-Printer, Р.О. Box 23991 
(LLC). Tampa, FL 33623 

MAKE Rubber Stamps. Highly” Profita- 
ble. Free details. STAMPER, POB 22809 
(LLC), Tampa, FL 33622 


BUMPERSTICKER PRINTER. Cheap, | 


simple, portable. Free details. Bumper, POB | 


22791 (LLC), Tampa, FL 33622 | 
EARN $500 - $1,000 WEEKLY PRO- 


CESSING MAIL At HOME, Send S. A.S.E,, | 
up Mailing Systems, P.O Box 121 Ben- | 


salem, PA 19020. 
INSIDER'S SECRETS TO PROFITA- 


BLE HOME BUSINESSES. FREE DE- 


TAILS: KAM PUBLISHING, 11112 


PORTOBELO DRIVE, DEPT. 12, SAN | 


DIEGO, CA $2124 


A WAY TO $500 A DAY! 
A Business "n That Can Be Started B 
Anyone For 
1571-17 Main Bld C, 
02893-4058. 


_ DEALERS Needed - Revolutionary New 


tails Send $1.00 To: CKM, | 
Warwick, RI | 


Mini-Satellite Antennas. Tremendous De- | 


mand 800-762-7952 x-774. 


NEW MLM 75% comm. 60 Day Double $ 
back guarantee Free Info pack. Steven Lin- 
dell, 630 Osborne Rd., Suite 302, Fridley, 
MN 55432. 
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$1000's WEEKLY Potential Now Re- 
vealed Information (Free) Guaranteed Sat- 
isfaction. Advanced Publishing, Box 128, 
Thurston, OH 43157. | 


READ BOOKS for pay! No ex . Call 
1-900-847-7878 ($0.99/min) or Write: PASE - 
LU6, 161 Lincolnway, North Aurora, IL 
60542. 


SELF EMPLOYMENT Riches. Write 
Success-PS291, Box 586, Ellicott City, Md 
21043. 


$975. DAILY POTENTIAL! Amazing 
Concept 900 Phone Line. Free Setup. H 
Profits Via $10/Calls. Make Thousands! 
Sneak preview uncommon program, dial 
1-800-420-8253. Write: Phonelink, Box 801, 
Southeastern, PA 19399. 


#1 MONEY MAKER Spare Time! No 


selling! No inventory! Publicly documented 
income to $20,000 in seven weeks! Free au- 
dio cassette and report reveal everything! 
Write: Real Money, 206-K PS North Signal, 
Ojai, CA 93023. 


PIANO TUNING ACADEMY 127175 
Germania, Alexander, AR 72002. TUNING 
REPAIRING REBUILDING. 


EARN $64,000 YEARLY AND MORE 
with little to no Capital. Get paid the first 
day you work! For complete instruction man- 
ual send $9.95 to: Yale, 7324 Commercial 
Circle, Ft. Pierce, FL 34951. 


MAKE $50HH WORKING EVE- 
NINGS OR WEEKENDS in your own elec- 
tronics business. Request free facts. MJES 
INDUSTRY, Box 581 , Bronx, NY 
10461-0208. 


"SELL MONEY!" Become a Loan 
Broker! Free details. Dept PS-226, Financial 
Planning, 126 13th St, Brooklyn, NY, 11215, 
(718) 768-6803 Ext. 200 (24 Hrs.) 


$25,000 MONTHLY Taking Photo- 
graphs! Work only 5 hours weekly! Call re- 
corded message: (303) 674-8155. 


BECOME A REAL ESTATE AF 
PRAISER. $100,000 PLUS POTEN- 
TIAL. HOME STUDY. EARN PROFES- 
SIONAL CERTIFICATION. FREE 
LITERATURE. 800-362-7070 DEPT. 


| RB109. 


Jos HELP WANTED Jobs 

З FULLTIME * PARTIME * ANYTIME 
THE WORK AT HOME JOB DIRECTORY 

| Hundreds of companies аѓе waiting to hear from you Whatever 

your situation Almost every field of work is listed in the Moat 


ALUMINUM SCRAP—Recycle Yoursel 
—MAKE UP TO $25.00 POUND! FRE 
INFORMATION: Industrial - P5291, Bo 
127, Alexandria Bay, New York, 13607. 


GET PAID for mailing letters! No exp 
Write: PAASE - EY2, 161 Lincolnway, Nort. 
Aurora, IL 60542. e 


CARDBOARD BOXES: BILLION DOL 
LAR INDUSTRY. GET IN THE BUSI 
MESS. FREE DETAILS. FIBER-TEC 
P.O. BOX 1591, BARRINGTON, 1 
6001 1 


INCOME DISCOVERY! Famous PhD 
Scientist Reveals High-Income Discoveries 
Anyone Can Use to Achieve Wealth. Free 
Facts: SK Inc., 109 Hollywood Ave Dept 11 
Oxnard, CA 93050 | 


FINANCE your new or existing busines: 
with Government Grants. $1,000s Avail) 
able. Information $2.00 (Refundable). Fec 
Funds, Box 600796-PS, San Diego, CA 
92160. 

EXPLODING BUSINESS  OPPOR 
TUNITY combining health and wealth 
$20.00 investment - Free detail 
1-800-658-0289 for recorded message 


300 PROVEN EZ START BUSINES 
IDEAS $2 plus SASE. EDs IDEAS, 264 “Н 
Street, P.O. Box 8110-334, Blaine, Washi 
ton 98230 

WANT to make $1,000's weekly and 
your OWN BOSS? FREE informatio 

PC, Dept. P3290, P.O. Box 3696, Wil 
liamsport, PA 17701. 


HEW! GROW EXPENSIVE PLANT | 
SELL FOR 2,000% PROFIT. Free infor 
mation. GROWBIZ, Box 306-52, Semi 
MS 39479. шй 


BUSINESS OPPORTUNITIES (Cont) 


DAILY PAYCHECK with Huge Profits. 
Free Wholesale Distributorship. Catalogs 
with thousands of fast selling items. 
Details: Jondy, Dept. 2B, 6936 Longwood, 
Canton, MI 48187. 


MAKE BIG MONEY ые n in 
WINDSHIELDS AND aW lass! U 
$75,000 yearly! Call TO E UE & 
CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE report. 
Glas-Weld Systems, Box 5755 C2, Bend, OR 
97708. 


AMAZING! program has made hundreds 
of people Millionaires. Guaranteed profit or 
vour money refunded. Accepting only 3,500 
new clients worldwide. Send $1. 00 Info. 
Sachlas 1651 Couvrette, St-Laurent Quebec 
HAL 4T7 Canada. 


is A $7.50 investment worth a possible 
$50,000 return thru the mail. If so, send 
check or money order to: Mail Doctor, 6735 
Morganford Road, Charlotte, NC 28211. 


FREEDOM! PRESTIGE! SECURITY! 
DISCOVER OVER 500 PROFITABLE 
HOME BUSINESSES. EASY STARTING. 
SUCCESS AWAITS YOU. ACT NOW. SEND 
ONLY $6.95 SATISFACTION GUARAN- 
TEED. RL DIFFUSION 
STREET SUITE 543R, SANTA BARBARA, 
CA 93105. 

EARN $600 WEEKLY AT HOME. 
WRITE: 


Success, Box 9274-8, St. Louis, MO 
53117. 


1-900" PAY-PER-DIAL 
for lease. Only $25/month. 


hone numbers 


minute) 


CRAMPED FOR SPACE. Get Hide A 
Desk Plans $5.00 Refundable. Desk, Rt. 3, 
Box 96, Booneville, AR 72927. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 


Chrome, Box 2285, Waldorf, Maryland 
20603. 
$2000 MONTHLY POSSIBLE AS- 


SEMBLING WRITE OR CALL AMAZ- 
ING RECORDING 905-506-0600 
HOMEWORKER ВХ 5348.PS, TOMS 
RIVER, | мз 08753 


AMAZING Sparetime Moneymaker! No 
Selling! Write: Sunshine, 2265 Koosbay 
Boulevard, PS291, Coos Bay, Oregon 97420. 


FORMICA: Repair Burned and Damaged 
Jountertops WITHOUT REPLACE- 
MENT! Quick, easy to $600/day. Change 

countertop Colors WITHOUT REMODEL- 
ING! Details FREE! 206/256-9742. Write 
oday to RENEW-ALL, BOX 9900-55, Van- 
'ouver, WA 98668. 


EXTRA MONEY with your camera. Re- | 


$5.00. Photo 
Ro 


ides, Ste 
rts, WA 


ort and Directory 
201-713 sete cision Dr, Pt. 
38: 281. 


| EARN $500 weekly mailing letters. Free 
ма Omega, Box 4309-YF, West Covina, 
24 91791. 


GET IN ON THE ACTION! Learn how to 


nake a "KILLING" in the commodities mar- 
tets. I cán show YOU how the professionals 
a it. кюне; Р.О. Box 3204, Ridgewood, 
ЧҮ 113 


AFFORDABLE SECURITY Free infor- 


nation Sase JJM Rt 1 Box 29A, Cecil, AR 
(2930 


When pin te pulled К 
SHRIEKS. Mount at door 


or window for 24 hour 


protection, ORDER TODAY 


ONLY $a 


BOOKS & PUBLICATIONS 


MANUSCRIPTS Wanted, all types. 
"ublisher with 70-year tradition. 1-800- 
195-9599. 


FREE, interesting illustrated self- 
mprovement book Catalog Hollywood Book 
company 4710 South Western Ave. Los An- 
eles CA 90062 
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3463 STATE | 


ake $15,000/ | 
month. Call 1-900-654-4040 Ext. 28 ($2.00/ | 


“COMPOSITE BASICS"; 


SCIENTIFIC WATER - WITCHING, 


MAGNETISM, SATURN RINGS, CHEM- | 
ICAL BONDING Explained 120 Illustra- | 


tions $11.99. G/L Industries, 150 West 


Free | Oneida, Preston, Idaho 83263. 


STRESS MANAGEMENT Easy, healthy 
techniques that really work! Report $5.00. 


Stressbusters! 902 Roberts, Clarkdale, AZ | 


86324 


PROJECTS IN METAL 


The magazine of ideas for 
home shops. Loaded with good 
things to make, and the best 
ways to make them. Plus shop 


tips to save you time, money, 
headaches. Six issues only 
$17.50. Call 800-447-7367 or 
write Projects in Metal, Dept. 
A14, Box 1810, Traverse City, 
MI 49685. 


PUBLISH YOUR BOOK! Join our suc- 
cessful authors. All subj invited. Publici- 
ty, advertising, beautiful books. Send for 
fact-filled booklet and free manuscript re- 
pat Carlton Fress, Dept. PSB, 11 

treet, New York 10001. 


FLASH! BOOKS FOR INVENTORS! | 


Catalog $1.00, Starcom, Box 2121, Peabody, 
MA 01960. 


SAVE MONEY! Excellent Home Repair 
Guide, 380 pages. imp be Easy to follow 
instructions walls, p ae a 
and more. Satisfaction ( 
$15.95 postpaid. Michaels. чүү Уе 
Mart, 801 Baywood, POBx 382, Willows, СА 
95988 


AVIATION 


BOOMERANGS ... INCREDIBLE 
RETURNS! Worlds Best Hi-Tech Designs. 
Free Illustrated са ор. Amazing! 
BoomerangMan, 1806-2 N. 3rd, Monroe, 
LA 71201-4222. 


HOBBY HELICOPTER Ultralight True 
Helicopter-Conventional Helicopter 
controls. Simplified construction—Motor- 
cycle or Rotax epos Information: $5.00: 
POLYNOVA, Dept 
bec Canada JOL 21 


FOR HELICOPTERS. 
PLANES & GLIDERS 
* PLANS * KITS 
COMPLETED JETS 


G8-2 PRESSURE JET 


"JET POWER" COLOR VIDEO (VHS) 29.95 
130-LB. THRUST JET BLUEPRINTS..25.00 
20-LB. THRUST JET BLUEPRINTS...15.00 

$12.00 - Complete information Package 

Pius 60-Page Technical Handbook 


EMG ENGINEERING 


P.O. BOX 1368-G Hesperia, CA 92345 


A BOOK 
FOR EVERYONE WHO NEEDS INFOR- 
MATION ON FIBERS, RESINS, CORES, 
TOOLING, CONSTRUCTION METH- 
ODS AND SUPPLIES FOR AIRCRAFT, 
BOAT OR RACECAR PROJECTS. 
$30.00 POSTPAID, MARSHALL CON- 
SULTING PS, 720 APPALOOSA 


DRIVE, WALNUT CREEK, CA 94596. 


FREQUENCY 
PAYS! 


Effective immediately, fre- 
quent POPULAR SCIENCE 


| word advertisers can save 


money when they prepay for 


three consecutive issue 
insertions. Rate drops to 
just $11.00 per word. 
Frequency pays! : 

For details, call Dorothy Ellis, 


| (212) 779-5163 or 
(BOO) 445-2714 


.| SPECIAL! All 3 items: Mun p 95 
est 32 | + : 


, Saint-Remi, Que- 


. computers e 


Ultralight Helicopter | 


reet 


= k Build 


HOMEBUILT ROTORCRAFT maga- 
zine. Twelve issues - $20.00. Sample - $2.00. 
VISA, MasterCard. RFI, Suite 281- PS 5555 
Zuni SE, Albuquerque, NM 87108 (505) 
298.9362. 


aon HELICOPTER! 


Take-off ftom pes backs = fo орел skies! 


eSimple, low-cost 
assembly 


емо license needed 
@Several helicopter a 
kits & plans avail. ; 


[Helicopter Piansg..........- 
Helicopter Experimenter Book . 
Complete Kit Info. . . 


add FF postage. Fore 
7} Box 50-A 
Riderwood. MD 21139 
Credit card order line: 1-301-583-6356 


P, HELI 


w 


FT 
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DESTONED BY NASA ENGINEERS (BS MES) 


MICROLIGHT 


AV ALL ABLE 


Easy & Safe | 
to fly! 


BUILD YOUR OWN HELICOPTER. 
easy to follow blueprints information US 
$10.00 Osvaldo Durana P.O. Box 220 1411 
Buenos Aires, Árgentina. 


BUY IT WHOLESALE 


400,000 BARGAINS Below Wholesale! 
Many Free! Liquidations Closeouts! . . . Job 
Lots ... Single Samples. Free details. 
Worldwide Bargainhunters, Box 1409-B, 
Holland, MI 49422. 


CLOSEOUTS! Wholesale! Overruns? 
Freebies! Information (stamp): DDN. Box 
20152-G, Ferndale, Michigan 48220. 


$99 buys New Color TV or VCR wire- 
mote. Wholesale clubmembers only. Free 
membership a OP cen or TSI, Box 3043, 
Skokie, IL 60076 (708) 674-7888 


| CONSUMERS get household and office 


ucts at WHOLESALE PRICES. Free 
tails. MJWC, 1101 River Road, Cinna- 
minson NJ 08077. 


COMPUTERS 


BUILD your own Macintosh and save 
50%. New book shows how. Free info. 
Brants, Box 68708, Portland, OR 97268. 


CONFUSED-—step/step booklet makes 
. Computer terms, hardware, 
operations fully explant, many examples. 
nM Edgeco, Box 511 Hamburg, NY 


BUILD YOUR OWN P.C. 8088/ BOZB6/ 
80386 SAVE HUNDREDS EVEN THOU- 
SANDS LIMITED EDITION "HOW TO 
BOOK" AND SPECIAL WHOLESALE 
PRICE LIST. SEND $19.95 + $3.00 
S.H. COMPUTECH, #12 PLAZA 94, ST. 
CHARLES, MO 63303. 


COMPUTER ENHANCED READING 
—With effortless ease, read Pride & Preju- 
dice, Wuthering Heights, Silas Marner, 
Hard Times, on this amazing new IBM sys- 
tem. Send $99 payable to LYSA, Box 2781, 
Dublin 15, Ireland. 


"SPACELINK User's Guide” , access 
NASAS computer, $8 postpaid: CORE, Р.О 
Box 25594, Fresno, CA 93729-5594. 


EARN MONEY WITH YOUR HOME 
COMPUTER Working with software mar- 
keting company. Information send $1: COM- 
PUTER, Box 1442-PS1, Orangepark, Flori- 
da 32067. 
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* Pilot License Not Required - | 


| 


— E 


CB RADIO 


POLICE —FIRE sc ANNERS, CB'3 | 
MARINE 2-WAY, ANTENNAS, HPF 
BOX 19224PS, DENVER, CO 8021 9. 


CABLE EQUIPMENT 


CABLE T.V. CONVERTERS Jerrold 
Oak, Scientific Atlantic, Zenith, & man 
others. “New” MTS stereo add-on: mute 4 
volume. Ideal for 400 & 450 owners 
1-800-826-7625. B&B INC. 4030 Beau 


D-Rue Drive, Eagan, MN 55122. 


ee 


CABLE TV 
“BOXES” 


Converters—Descramblers | 
Remote Controls—Accessories 
* (Guaranteed Best Prices * 


* 1 Year Warranty—C.O.D.'s + 
* Immediate Shipping * 
* FREE CATALOG * 
Call or Write 
TRANS-WORLD CABLE CO. 


12062 Southwest 117th Cour, Suite 125 
Miami, Florida 33186 


———-m| 1-800-442-9333 | | 
isa, 
| : 


CABLE TV BOXES, We sell only the best 
low prices, we ship COD. $2.00 for catalog 
Ace Products, Р.О. Box 582, Dept. S, Saco! 
ME 04072, (207)967-0726. 


CABLE T.V. 


m makes and models! Low Prices. i: 
Quantity discounts, 60 Day Warranty. Shipment 
wilhin 24 hours. Stamped envelope (50€) tor FREE 
‘catalog. C.O.D. orders accepted. No Illinois orders. 


L&L ELECTRONICS, ІМС. Be 
1430 Miner St, Suite 522 
Des Plaines, IL 60016 V a ‚| 
information 1-(708) 438-4056 Orders 1-800-542-8190 
YEARS OF CUSTOMER SATISFACTION! 


Purchaser agrees to comply with alt Stale and Federal laws te- 
spol Cable T V equipmem Consult 


CABLE TV SECRETS—the outlaw pub- 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime De- 
scramblers, Converters, etc. Suppliers list 
included. $9.95. Cable Facts, Box 711-Р5, 
Pataskala, OH 43062. 


y LN Protect Your | 
„a® Children’s Eyesight! 


This Cute Puppy Prevents Kids 
| from Watching TV 
| (or Video Games) Too Closely. 
oimple to install and operate. 
Limited time offer, 1 per household 
$47.00 plus $2.50 SH. Check or M.O. 
IMPRO SCIENTIFIC CO. 
| Р.О. Box 759 
Merrimack, NH 03054 


DISTRIBUTERS WANTED. 
(603) 429-2311 FAX: (603) 429- 2476 


CABLE DESCRAMBLERS 
OAK M35B COMBO $39.95 


Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer 


| & MORE! OUR PRICES ARE BELOW WHOLESALE! 
CABLE-- PLUS 
14417 Chase St. #481-M, Panorama City, CA 91402 


1-800-822-9955 + Other Info. 1-818-785-4500] 
NO CALIF. SALES — OEALERS WANTED 


DESCRAMBLERS. Complete cable de- 
scrambler kit $39. Complete satellite de- 
scrambler kit $45. Assembled units also. 
Free Catalog. MJMS INDUSTRY, BOX 531, 
BRONK, NY 10461-0208 


CABLE EQUIPMENT (Cont) — 
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PO Box 26 • Wood ipw IL 60191 
708) 766-5222/Fax (708) 766-5269 
Call CST Mon.-Fri. - 9-5 / Sat.-10-2 
JERROLD * SCIENTIFIC ATLANTA 
JAK * ZENITH * HAMLIN * PIONEER 
Converter Only * Hand Helds 
Ch. 3 Filters * 3 Ft. Jumper Cable 
X] VISA/Mastercard KJ C.O.D. 
X] Friendly Knowledgeable Service 
Y] 10 Yrs. Experience 
V] 6 Mos. Warranty 
(NO ILLINOIS SALES) 


DESCRAMBLER CHIP For Tocom Con- 
verter Model 5503 Vip Or 5507 $5000 + 
Б/Н 817-428-1656. 


CABLE TV CONVERTERS & DE- 
SCRAMBLERS For Jerrold and Scientific 
Atlanta. Low prices, one year warranty. We 
ship COD. Bay State Electronics, P.O. Box 
103, Boston, MA 02188 1-800-359-9806. 


NAS 
CABLE BOXES 
FREE CATALOG 


1-800-848-3997 


Jerrold * Scientific Atlanta 
Many Others 
1 Year Warranty • COD's 


= 5 Е». 


DESCRAMBLERS, Converters, LOW- 
EST PRICES. CNC Concepts Inc., P.O. 
Box 34503, Minneapolis, MN 55434 
1-800-535-1843. 


CATALOGS 


WHATEVER you're looking for I can find. 
Free details. Desi 
1503, Bangor, ME., 04402- 1503. 


DO-IT-YOURSELF 


51,000 CATALOGS listed. Sources For 
Anything! $5.95 CATALOGS. Box 92452X, 
Atlanta, GA 30314. 


TELEPHONE LISTENING DEVICE 


Record telephone conversaligns in your office or 
home Connects between any casselle or tape 
recorder and your telephone line Starts aulo 


sides ol conversation Siops recorder when 
phone is hung up 


f EACH бү Озе Awmi 


Super Powerful FM TRANSMITTER 
| Many times more powedul Inan other transmitters à 
Transmits up 10 'à mile Io any FM rado -Easy 10 
Assemble КЛ - up (o 9V battery [nol mel) 
For catalog of Transmalers, Voice Scrambers and 
other specialty йет, enclose $2 DO to USI Corp 
Call 407-725-1000 or sand $19.95 + 31.00 
shipping par itam to: USI Corp., РО Box 


P$-2052, Melbourne, FL 32902 СОО” OK. Tx 


m EHE CLOCK MOV EMENTS and 
lies! Low Prices! Yankee Ingenuity, Box 
, Altus, OK 73522. 


| = HELICOPTERS 


7 Models Available 


+ HOVERCRAFT 
* GIRO KOPTER 


PLANS P re 
* JET TIP HELICOPTER KITS nj 
* CO-AXIAL HELIGOPTER п = | 
* FULL FLIGHT HELICOPTER / 
INFORMATION PACK $5.00 o 
тсе: &pecs, photos, prices Box 391-4 


BW ROTOR CO. INC. 


Towanda, KS 67144 


| «С DPLID-MUSICAL DANCING PLASMA FIRE 


Research, Dept S, POB | 


AMAZING 


SCIENTIFIC & ELECTRONIC 
PRODUCTS 


E RUBA-H! POWER PULSED DRILLING LASER. . . 
E BTC5-1 MILLION VOLT TESLA COIL ......... 


Ж LLSI-LASER LIGHT SHOW 3 METHODS 
qf EHI-ELECTRONIC HYPNOTISM TECHNIQUES 
EML1-LOWER POWERED COIL GUN LAUNCHER 
| JL3-JACOB LADDER 3 MODELS _. 
SD5-SEE IN THE DARK . . 
LEV1-LEVITATION DEVICE . . . . 


FMY1K-3 MILE FM VOICE TRANSMITTER. __ 
HVMTK-HIGH POTENTIAL GENERATOR........ 
HIGƏK-HI FLUX NEGATIVE ION GENERATOR . . . 
PGSK-PLASMA LIGHTNING GLOBE... £59 50 | 
LHC2K-VISIBLE SIMULATED З COLOR LASER £4450 | 
HODTK-HOMING/TRACKING BEEPER TRANSMITTER $49 50 
LGUSK-?2 5 MW HAND-HELD VISIBLE LASER GUN . $249 50 | 
BTC3K-250,000 VOLT TABLE TOP TESLA COIL... $249 50 
I0G3K-ION RAY GUN, project energy without wires . $89.50 
TKETK-TELEKINETIC ENHANCERVELECTRIC MAN... $79.50 | 
VW/PMT7K-3 MILE AUTO TELEPHONE TRANSMITTER $49.50 | 


53450 | 
$120.50 
534 50 


Qo ASSEMBLED IN OUR LABS 

LISTIO-INFINITY XMTR Listen in via phone lines... $194 
ae] IPGTU-INVISIBLE PAIN FIELD BLAST WAVE GENERATOR $74 50 
GE PFS20-HAND CONTROLLED PLASMA FIRE SABER. . 589.50 
п> TAT30-AUTOMATIC TELEPHONE RECORDING DEVICE $24 50 | 
Lid PSP4U-PHASOR SONIC BLAST WAVE PISTOL 589.50 
g ОМЕ1@-АП. NEW 26° VIVID COLORED NEON STICK . $79 50 

LGUZO- 5 TO 1MW VISIBLE RED Неме LASER GUN $199.50 
99.50 


| EASY ORDERING PROCEDURE-TOLL FREE 1-800-221-1705 | 
| 0 | 


R 24 HRS ON 1-503-673-4730 
OR FAX IT TO 1-603-672-5406 
VISA, MC, CHECK, МО IN US FUNDS. INCLUDE 10% 
SHIPPING. ORDERS $100.00 & UP ONLY ADD $10.00. 
CATALOG $1.00 OR FREE WITH ORDER. 


INFORMATION UNLIMITED 
Р 0. BOX 716. DEPT. PSB AMHERST. NH 03031 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 


DATABASE CATALOG! $2. REXCO, Box | 


19250, Jean NV 89019. 


BUGGED? WIRETAPPED? Find out 


fast! Countermeasures equipment catalo 
$1.00. Capri, Box 5895, Bayfield, CO 81122. 


SURVEILLANCE 
TELEPHONE 


Monitor room conversations $175.00 
Monitor room & telephone $215.00 


conversations 

Dialer tap, calls you when phone is used. $305. 00 
Available in the telephone or small plastic case. 

Range Unlimited - & month warranty - Phone "Тар Catalog $3.00 


ange 
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 


1-800-633-TAPS 


MINIATURE FM TRANSMITTERS! 
Tracking Transmitters! Voice Disguisers! 
Phone Devices! Detectors! Kits/Assembled! 
Catalog $2.00: XANDI ELECTRONICS, 
Box 25647, Tempe, AZ 85285-5647. 


DON'T THROW AWAY THAT USED 


COPIER OR PRINTER CARTRIDGE! 


it's eas 75 24 20 4 10.5 
kit Тач SAVE OVER in LASER PRINTERS 


| = Toner Recharge 
| = Repiacament ti 
| ж Тереса, 


! MORACK 


П 


| PROJECTION TV Build yourself with 


readily available parts. Assembly manual 
$5.00. Venture Vision, Box Hdb; Reading, 
MA 01867. 


BASIC GUIDE to Prepasted Wallcover- 
ing. Measuring, E ir te Illustrated. 
Rays Wallcovering, Box 648, Delaware, OH 
43015. $9.95 


FINALLY! Control lamps from bedside or 
wall switch. 3-way with dimmers, no house 
re-wiring. Plans $5. GOLDRICH, Box 1383- 
A, Ogdensburg, NY 13669. 


SURVEILLANCE Countersurveillance 
electronic equipment catalog, $5.00. EDE, 
POB 337, Buffalo, NY 14226. 


RECORD 12 HOURS ON A SINGLE 
STANDARD CASSETTE. Voice Activated 
extended play recorders. Free Brochure. Pro- 
ductive Electronics, Box 930024, Norcross, 
GA 30093 

SAVE Money. Don't replace it- repair it 
oe with Simple Windshield Repair Kit. 


rs up to 6 - 1” or smaller stone cracks. 
Send $39: 95 + $4.00 Postage/Handling. 
SWR, 3426 S. Hanover Street, 
Maryland 21225. 


Baltimore, 


e Colorful and Brilliant 


* New Safe Low Voltage Technology 


е Produces Constant or Controlled 
Flowing Motion of Neon Light 


е Responds to Sounds, Music, Etc. 


-READY TO USE PRODUCTS- 


PFS20 – PLASMA FIRE SABER - Controllable energy 
length for bizzare special effects .............................$99.50 


DPL20 = MUSICAL NEON/DANCING PLASMA = Moves to 
music and SOURS ses шуыш ......559.50 


DNE10 - DECOR HI LITE NEON – Multicolor stiks of lite 
for the home etc., Special effect lighting.. oo 9, 0 


STIKO - OUTDOOR STIK NEON LIGHTING - For landscap- | 
ing enhancing — a beautiful concept in lighting $49.50 | 


CUSTOM BUILD YOUR OWN DISPLAY 


USING OUR MODULAR COMPONENTS — | | 


PLUS20 - MINI SINGLE ELECTRODE ENERGIZER - 
ignites up ta 6' of tubing... $19 


CONT10 - MINI PROGRAMMABLE CONTROLLER — 
Adds motion to above (3) PLUS20'S ~ includes audio 
modulation input. i i 549.50 

MIM10 - MUSIC IN MOTION = Sets up to 40 feet of neon | 
tubing into "mation" using music from stere or radio. (reat | 
for entertainment centers or large home displays .....$79.50 

NEN10 - MEDIUM POWER ENERGIZER - ignites up to | 
40° of tubing. Single or dual electrode .... $39.50 | 


READY-TO-USE NEON TUBING | 


„Use wilh energizers and controllers above | 
"Connect in series or parallel for different shapes and sizes. 


NE25 ~ 26' Length of neon tubing (specify colar)...$16.50 
NETE = 16° Length of neon tubing (specify color)...$14.50 


AVAILABLE COLORS: STARFIRE RED. PHASOR GREEN. 
PHOTON BLUE & NOVA PURPLE. 


| Complete listing of products. kits. parts & accessories for | 
| the special display builder or designer available FREE with 


order or send $1.00 to: | 
CIENTIFIC SYSTEMS 
Dept N1, РО. Box 719, Amherst, NH 03031 


BUILD MODEL PLANETS. Easy con- 
struction, painting. Plans $8.00. ALCO- 
TECH, Box 217, Slave Lake, Alberta 
TOG2A0 


ASER 


VISIBLE DIODE POINTER 
POWERFUL ! ( ЕЕ. Cat. #MLP-105 
45mW,6700m “~_  —. $250.00 
Red Dutput E Бк P Battery 
Only 5.3" x 1.0" dia. 6 (0. ыы 


VISIBLE DIODE MODULE 
4.5 mW, 670 nm output = i Cat. # 
3 to 6 VOC input ый, W LDM-105 
Only 125" x 5" dia. <, $195.00 


HELIUM NEON LASER KIT 
= 5 mW, 633 nm i Cat. # 
Red Output HNKD-IU 
T2VDC operation 
Kit includes $59.00 
Commercial made 
Laser Tube and Power Supply. = 
Requires Final Assembly into а Project case that you 
supply. This Laser Kit is C.D.R.H. approved. 


FOR FAST SERVICE: Call to ship COD 
Add $15.00 for 5 & Н — Az Residents add 6.5% tax 


FREE CATALOG CALL, WRITE, 


OR FAX TODAY! 


MEREDITH INSTRUMENTS 


Р. 0. Box 1724 * 6403 N. 59th Ave. + Glendale, AZ 85301 
Phone: (602) 334-9387 FAX: 602-939-3369 


ET. ~, a 
og 


HOW to Patent Search, Market your ideas 
under $500 1-900- 535-4900 Ext. 769 or send 
$9.95 JM Enterprises, 19785 W. 12 mile 
Suite 154, Southfield, Mich. 48076 $2 min. 


PROJECTION TV . . Convert your TV 
to project 7-foot picture. . . .Easy!. . Results 
compared to $2,500 projectors. . PLANS 
AND 8" LENS $27.95 . . Professional Sys- 
tems available. . Illustrated Catalog 
FREE. ..MACROCOMA, 15AF Main 
Street, Washington Crossing, Pennsylvania 
18977. . .Creditcard orders 24 . (215) 
136-3979. 


FREE YOUR HOME FROM INSECTS 
with Professional Step by Step instructions 
Roach and Ant Bait Forma included. 
(19.95 value) $6.00 plus $1.00 SH. Charlie 
R4 Box 735 Fremont, IN 46737. 


BUILD A Simple ALCOHOL STILL and 
make your own Gas for pennies a gallon. 
Plans and Instructions $14.95. Common- 
wealth Chemicals, 16137 ^ — Way 
Unit 202, Van Nuys, CA 91406 


VCR TECHNICIAN WILL TEACH 
YOU, IN SEVEN EASY STEPS, HOW 
TO CLEAN AND SERVICE YOUR VCR. 
MANUAL $10.00. WPB, P.O. BOX 284, 
CARROLLTON, KY 41008. 


TINY 2 MILE TELEVISION TRANS. 
MITTER! Under $100! Complete Plans, 
$12.95- Satisfaction Guaranteed. VID EO. 
WORLD, 1403 Bayview, Hermosa Beach, 
CA 90254, (213) 372-0717 


73,560 CATALOGS DIRECTORY 
pus Sources For Everything! Listed and 

escribed! $6.95: CATALOGS, Box 
14107 AB, Jackson, MS 39236. | 


IMPUGN IRAQ MAKE YOUR OWN 
FUEL. $12.95 TO: ENTECH. 14571 E. MIS- 
SISSIPPI #119, AURORA, CO 80012. 


VCRs: Professional 


MAKE big $ cleani 
step by step VHS includes alignment sec- 
tion. $29.95 to: Professional Video Services - 
S, Box 25046, Phoenix, AZ 85002. 


о Ул Renan M RAE 
HOME RECYCLING CENTER PLANS 


$9.95. Recycle 1652 E. Belmont Dept PS- 
Springfield MO 65802 


INFRARED Miniature Transmitter! Un 
detectable! Kit $29.95! Includes Receiver 
Plans! Catalog $2.00. QUANTUM RE 
SEARCH, 16645-113 Avenue, Edmonton| 
AB T5M2X2 


EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES WITHOU' 
CLASSES. BACHELOR'S, MASTER'S 
DOCTORATES, ACCREDITED, INEX 
PENSIVE, FAST. FREE INFORMA 
TION. DR. JOHN BEAR, PO BOX 026 
PS, BENICIA, CA 94510. 


FREE CAREER GUIDE. Earn mor 
money with Success Proven Correspon 
dence. Diploma Courses. Granton Institute 
263B Adelaide Street, West Toronto, Canad: 
M5H 1Y3. 


HIGH SCHOOL at home, diplom: 
awarded. Low monthl payments. Ni 
classes, information free. Phone fre 
1-800-228-5600, or write: American Schoo 
oe С #347, 850 E. 58th St., Chicago, II 


PARALEGAL GRADED CURRICU 


able and comprehensive. 100 years of | 
training. FREE CATALOG 1- 26-92: 
BLAC NE SCHOOL OF LAW PO. 1 
790906 Dept. PS, Dallas, Texas 75379. 


Business/Public Administration LAV 
Craduate- Undergraduate Financial Aic 
(800) 759-0005 LASALLE UNIVERSI 
Mandeville, LA 70470-4000. 


KUMON MATH CORRESPONDEN 
COURSE Preschool, Elementary, hig 
School. FREE Literature; Kumon Institut 
2200 Fletcher Ave., Ft. Lee, NJ 07024. (20 
947-0707. 


BECOME A PARALEGAL. Work wit! 
Attorneys. Home Study. Free Catalogue 
800-362-7070 Dept.LB109. 


UNIVERSITY DEGREES Witho 
Classes! Accredited. Bachelors, Master 
Doctorates. Free Revealing Facts! Thorsor 
PS2, Box 470886, Tulsa, OK 74147. 


SUPERLEARNING! Triple learnin 
speed through music! Develop Supermemc 
ry; control stress. Free—book excerpt & 
alog. Superlearning, 450-PS2, Sevent 


Avenue, NYC 10123. 
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EDUCATION & INSTRUCTION (Con't) 


WORLD WIDE COLLEGE OF AUC 
TIONEERING, INC. (formerly Reisch) 
Since 1933. Term Soon. Free Catalog-COL. 
Gordon E. Taylor, Box 949, Dept. 3,- Mason 
City, LA 50401. 515 423-5242. 

COLLEGE DIPLOMA, presti us, in 
rs pgs , Management, ing, 
Sociology. BOOST YOUR CAREER. 
Distant Teachings—reside at home. AC- 
CREDITED. Successful. Easy. Low Tuitions: 
T qr oie Courses, Cred.pts.— 

Immediate brochure: YAACOV COL- 
LEGE INTERNATIONAL, 5 Ein Vered St., 
P.O B. 36502, 61364 TEL-AVIV, ISRAEL 

FULLY APPROVED UNIVERSITY 
DEGREES! Ecónomical home study for 
Bachelors, Masters, Ph.D., fully approved 
by the California Superintendent blic 
Instruction. Prestigious faculty counsels for 

ent study and life experience cred- 
its (5000 enrolled students, 400 faculty). 
Free information—Richard Crews, M.D. 
(Harvard), President, Columbia Pacific Uni- 
versity, Department 2R52, 1415 Third 
Street, San Rafael, CA 94901. "Toll free: (800) 
221-0119; California: (800) 552- 5522; or 
(415) 459-1650. 


CLASSIC CARS 
BATTERY MASTER SWITCH 


Patent Pendi 
^ (dte 
"m — 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
о battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 

=liminates battery drain, prevents 
2lectrical fires, provides emergency 
zut-off. 

Hemove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 


Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


ray 


ELECTRIC VEHICLES 
CONVERT FROM GAS TO ELEC 
rRICITY. Illustrated step-by-step manual, 
ull line of proven components, all new stock. 
55.00 for catalogue, or $37.50 for manual & 
E O AUTOMOTIVE, P.O. 
30K 1113-P10, FELTON, CA 95018-1113. 


ELECTRIC and 100 MPG Hybrid Car 
nformation free, on Catalog, Plans, Kits. 


cod 077 cain 


SOLAR TRANSPORTATION NEWS - 
Jnique. EVs, Parts Listings, $5. Stevenson, 
'595 State #81, Ukiah, CA 95482. 


ELECTRIC Cars, Conversion Manuals, 
"arts and supply sources, newsletters—The 
nost complete electric vehicle source $5.00 


erformance Speedway, 2810-C Algonquin, 
lacksonville, FL 32210. 
ENGIMEERED CONVERSION 


PLANS! PARTS! MINICARS! Specifica- 
215 = ЗЕ, Box 19409-AG, San Diego, СА 


ELECTRONIC SUPPLIES & 
EQUIPMENT 


SURVEILLANCE - Privacy control - De- 
mugging - Protection. (Kits - assembled) 
arge new catalog $5.00 Tri-Tron 2209F 


4apalco, Harvey | 70058. 


FREE CATALOG: Save hundreds on | 


t after electronic, electro mechanical, 
] computer related hardware and co ra 
ients — including hard-to-find items. 
oll free: 1-800-776-3700. American Design 
zomponents/Dept. 116-021, 815 Fairview 
enue, Fairview, NJ 07022. 
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ECTRICAL HANDBOOKS 


O RESIDENTIAL ELECTRICAL 
J COMMERICAL WIRING . 1 
J MOTOR CONTROLS 

J PROGRAMMABLE 
CONTROLLERS 


ONLY $4.00 each or 
e $10.00 per set 
ШОВ? + 52.50 S&H to: Н C Industries 


Р.О. BOX 19779 INDIANAPOLIS, IN 46219 | 


„Ж 2 in 1 Milligauss Meter, 60hz апа 

ter monitors. 0-10mg, made in USA. 

$14 00 ppd (48) Sip res. add sales tax. 

Investment Tooling Inc. P.O. Box 14122, Bra- 

denton, Florida 34280 SASE for information 
sheet. 


EMPLOYMENT INFORMATION - 


JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 
Cruiseships, Tugs, Ships, Riverboats, Oil- 
rigs. Women-Men. 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


EASY Work! Excellent Pay! Assemble 


| Products At Home. Call 504-641-8003 Ext. 


8068. 


OVERSEAS ... $30,000 - $75,000 +. 
Free Report! Employment, Box 19760-FB, 
Indianapolis, IN 46219. 


NET $300.00 Daily Selling Signs! As 


| tact GSA, P.O. Box 273570 Tampa, 


1-800-876 4600. 
ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
largest en builders, designers. America’s 

est a saving тай order house! 

Solar Components Corpora- 

fiom t. C PS 121 Valley St., Manchester, 
NH 03103. PHONE 603-€ 186 


COGENERATE Electricity and Profit. 
Free Details. Cogen, Box 221-PS, Addison, 
IL 60101. 


SAVE on Heating Bills Send $15.00 To: 
Solar Collector Plans, P.O. Box 58, 
Lewisville, NC 27023. 


FOR information on How to Save Energy 
on your Gas Hot Water Heater send $5 to, 
ic ae P.O.Box 625, Crawfordsville, IN. 
479! 


VENTILATING HEAT EXCHANGER 
replaces radon, smoke, odors with fresh air. 
Plans $10. VHX, Box 470, Waukegan, IL 
60079. 


SLOW DOWN YOUR ELECTRIC "d 
TER. Legal and Guaranteed. $8.00 plus 
$2.00 handling. Magnet-Tech Reg'd, 
1579, Champlain, 12919-1579. 


SAVE 35% On Your Heating & Cooling 
Bills. Call Gec Lighting Supply (609) 
823-1965. 


FINANCIAL 


DEBTS? BILLS? BAD CREDIT? No 
problem! We'll help now. Applications ac- 
cepted $500-$50,000. Not a loan company. 
Free app: TCAC, Dept. PS. 400 Century 
Park South #117, Birmingham, Alabama 
35226 or call 1-800-869-0607. 


GET MASTERCARD NO RISK NO 
UPFRONT FEES FDIC BANK. RE. 
GARDLESS OF PAST! 100% MONEY 
BACK IF DECLINED 1-(900) 896-BBOB 
$10.00 TOLL. 


BEGIN YOUR OWN PERSONAL BUD- 
GET! Complete instructions, information 
and worksheets. Send $9.00 to D. Mast, 277 
Waverly, Holland, MI 49423. 


CREDIT CORRECTING MANUAL Im- 
prove your credit! Complete, detailed in- 
structions. $7.95 Compu-Services, P.O. Box 
995, Sanford, FL 32772-0995. 


CREDIT rating repair/improvement. 
FREE details. Dept. PS P.O Box 31087 Des 
Moines, LA 50310. 


Work month- Home | 


"NEED Cash $500.00 to $50,000.00? Debt | 
Consolidation? Major Bank Credit Cards? 
"Instant Credit" Obtained by Mail - 
$3,800.00 Credit Line, No Co-Signers, No 
Credit Check! Free Information Write 
National Credit, P.O. Box 1105, Ozark, AL 
36361-1105, Or Call 24 Hours (205) 
774-3394. Credit Ext: PS 2 


$5,000 CASH 
By Mail - Guaranteed 


To Start or Expand Your Business 
NO RISK! NO ONE REFUSED! 
No Creda Check * * No Co-siguas 


r "1 Back $50 Monthly for 55 000 - 2 УЛ м 


EE 
— $25 Call Reflectod one ЇЇ Ма | 


IN DEBT? GET OUT! Complete Instruc- 
tions $10.00 Mansfield 1272 Biber River- 
dale, GA 30296. 


FOR INVENTORS 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer, Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343, 


— 


INVENTORS: Call TLCI for free infor- | 


mation 1-800-468-7200 24 hours/day — | 


USA/Canada 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 H rford Drive, 
Rockville, Maryland 20850. 1-800- 
748-6216. 


DEAL DIRECT with 


[ REGISTERED PATENT ATTORNEY | 
| GRADUATE ENGINEER 


a YEARS OF EXPERIEN 
U.S. & INTERNATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 
confidential advice, information packet and 
forms for confidential disclosure and record of 
invention. 

Cand research readily available.” 


INTRODUCTION TO INDUSTRY & MARKETING PLANS f 


Also specializing in 
copyrights and trademarks 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 

HAEL I. KROLL 


IIC 
REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26,755 


FREE help for inventors! No charge for 
protection forms and information kit. Affili- 
ated Inventors Foundation. 1-800-525-5885. 


THE BOOK OF BOOKS All about in- 
vention For Inventors Free Information 
SASE The Network, 60 E. Chestnut, Suite 
303 S, Chicago, IL 60611. 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


TAIWAN PATENT AND TRADEMARK 
REGISTRATION Low charges. Alfred & 
Jason, P.O. Box 82-144, Taipei, Taiwan. 

PATENT SEARCH GUIDE, Do your 


own from home, $5.00, Lambda Publishing, 
Box 1894, Lawrence, KS 66044. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines 


scu ict royalty rates, requirements. 
ler Sales Corporation, C-7-F1, Fremont, | 
Ohio 43420. 


INVENTORS! Can you patent and profit 
from your idea? Call AMERICAN INVEN- 
TORS CORPORATION for free informa- 
tion. Over a decade of service 1 (800) 
338-5656. In Canada call (413) 568-3753. 


"DIARY OF AN INVENTION” Lots of 
good advice for inventors. $5.00. Included 
FREE: "Probability of Success Test" Brenne- 
man Technology, P.O. Box 145, Meadville, 
MO. 64659. 


THE HEW EUROPE 1992 WANTED 
Inventions, Ideas, Products, Services. BDC, 
16781 Torrence Ave., Suite 295A, Lansing, 
Illinois 60438. 


NENENENNENENENMEMEEEE————MQM————— — 


I7I STILLWELL LANE, SYOSSET, NY 1791] | John Reed, 397 DalRich Village, #313, Rich 


———— cc i 066.608 SSK r= РІС —— (€ C И. چ‎ = 


| үш the Reflect-R-Box by J.D. Cooper, 


'mento, CA 95 


SELL YOUR PATENT он INVEN 
тон Specializing in industrial and techni 
lications, ing on a commissio 
aia, lan outline and cep onse 
ment $5. Martin Consulting Com 
North Park Boulevard, Suite 303, 
on, MI 48362. 


INVENTORS! Call IMPAC Pg 
mation package. USA/Canada: 1-800 
225-5800 (24 Hours!) 


INVENTORS Don't get Taken $$$. Per} 
spectives, information and resources for in 
ventors. 16р. $3 "Invent" РОВ 1841 Bemidji] 
MN 56601. | 


dr 
¢ Ori 


INVENTORS' DIGEST. AMERICA" 
LEADING INVENTORS' MAGAZINE. 
S20/YEAR. MONEY-BACK GUARA 
TEE. FREE PATENT MANUAL. 2132 
PS BIJOU, COLORADO SPRINGS, CO 
80909-5950. 

CASH IN! Free Patent/Marketing Infor 
mation. Internationally Known Consultant, 
1-800-48NVENT. | 


FOR THE HOME 


REDUCE FUEL BILLS Proven furnace 
add on saves hundreds for information send 
$4.00 to Heatmisers, P.O. Box 1328, Monu 
ment CO. 80132. 


NEED TO HELP FAMILY, FRIEND: 
AND EMERGENCY CREWS LOCAT 
YOUR HOME AT NIGHT? Cal 
1-800-233-7893 ext. 10 for FREE brochure 


| A Tiny Treatment of 
TREMENDOUS 
Importance// 


| SLIP & FALL injuries are the nations 42] 
cause of accidental death. Prevent injuries with 


an amazing new space age process. 
| NOT A COATING, Оте bottle treats 2 


porcelain tubs or showers. Just spray & rinse! 
Guar. Ayr. Send $19.95 + $2.00 S&H to: 


GARDENING 


BUILD 12 VOLT GARDEN SPRAYER 
Plans, фаты sources and complete instruc- 
imple tools. 1-15 Gallons. Spra A ч 

hours. You'll love it. Check or MO $11. 


ardson, TX 15080. 


SAVE $ - Proven Greenhouse Plans . 
Guaranteed - Send $11.95 To Simply 
Planned, t. = P.O. Box 660310, Sacra- 
310. 


GOODEATING — 


CHEESECAKE, Incredible, 
Sinful Five Easy Recipes. 
Ferguson Ente rises 5800 Beach Blvd 
Suite 203-357 Jacksonville FL 32207 


$4.00/SASE ТО: RUTHIE, 
WEKIVA LANE, ST. CLOUD, FL 34769 | 


CLASSIC GREEK COOK BOOK. 
Become a greek gourmet cook $7.95. PO 
Box 762, Drant, a. 01826 


15 Of GRANDMA'S FAVORITE DES- 
SERT RECIPES $3 00. Jones Recipes, P.O. 
Box 10175, Tampa, FL 33679-0175. 


MEXICAN LASAGNA/FAJITAS & 3 
more. $4.00, SASE, SPICY RECIPES, P.O 
Box 13755, Arlington, TX 76094. 


6 EXOTIC Chocolate Recipes $3.00 Cash/ 
MO. Sase. Box 131322, Roseville, MN 55113. 


GOVERNMENT S URPLUS 


DRUG RAID SEIZURES! Buy dirt 
cheep Cars, houses, boats, computers, furni- 
ture. Write: Seizures: Box 4309-YG West 
Covina, CA 91791. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1-800-323-1212 Toll Free. 


HEARING AIDS (Cont) 


HEARING AIDS 
PRICE CATALOG, FREE! 


SUPER SAVINGS! Newest. Finest. All 
| types. Buy DIRECT & save up to HALF! 
| No salesmen. Sold by AIR MAIL on HOME 
TRIAL. FREE Catalog. Write: 


MONEYSAVERS. 
Dept. PS2D 36658 Apache Plume Dr. 
Palmdale, CA 93550 


FREE Hearing Aid Catalog. All Models. 
uge savings! No salesman will call. 
HODES Dept. 12R, Brookport, IL 62910. 
hone E 800-453-4905. 


1 HELPWANTED 


ی ن اا 
EARN MONEY Reading books! $30,000/‏ 
r income potential. Now hiring. (1)‏ 

15-687-6000 Ext. Y-20025 


INTELLIGENCE JOBS. FED, CIA, US 
‘ustoms, DEA, ete. Now Hiring. Listings. 
(805 687-6000 Ext. K-20025 


ATTENTION: Excellent income for home 
ssembly work. 504-646-1700 DEPT. P95 


GOVERNMENT JOBS $16,412 - 


59,932/ут. Now Hiring. Your area, Call (1) 
105-687-6000 Ext. R-20025 for listings. 


HOME TYPISTS, PC users needed. 
35,000 potential. Details. (1) 805 687-6000 
ixt. B-20025 


EXCELLENT INCOME! Easy work! 
ssemble simple products at home. 
-504-641-7778 Ext. 8322. 24 hours. 


HOBBIES & COLLECTIONS 
MILITARY Medals aes ue $1.00. 


'early subscription $8.00. S. Vernon, Box 
560PS, Wildomar, СА 92395. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 
oor harps, dollhouses, clocks, music boxes, 
veather instruments, crafts, furniture with 
ur plans, parts, kits, supplies—Catalog 
1.00—1614) 484-4363—Cherry Tree Toys, 
jelmont, Ohio 43718-0369. ` 


CLOCK movements, components, plans, | 


poxy, prints, door harp supplies, videos, 
tencils - over 1 
3.00 (credited) Steebar, Р.О. Box 463-5, An- 
over, NJ 07821-0463. 


TABLE SAW PLANS. Convert your cir- 


ular saw for under $20.00. Accurate rips 
nd crosscuts. $9.75, TLCraft; P.O. Box 
1523, Mesa, AZ 85215. 


HOVERCRAF Y 


HOVERCRAFT Plans, 3 to 160 H 
nation $5.00 (refundable). Sevtec, | 
fonroe, WA 98272 

HYPNOTISM 


HYPNOTIZE Women! Gentlemen! 
Veighbors! Even Perfect Strangers! Profes- 


Infor- 
x 846, 


ional Secrets Revealed! Instantaneous | 


Methods! Clairvoyant Hypnotizing! Som- 
ambulism! Dynamic Salesmanship! Dis- 
over Strange Magnetic Influence! Amazing 
ersonality Improvement! Hypnotize Your- 
elf! Powerful Methods! Free Cassette Cata- 
og! Addison, Box 1085, Black Mountain, NC 
8711. 


SPEED HYPNOSIS, Теп hours or less, 

ersonal power, control health, stress, mon- 
, others, FREE details, 6252 Dark Hollow 
ad, Medford, OR 97501. 


FREE Éivpnotisin, Self Hypnosis. Sleep 


earning Catalog! Drawer P5400, Ruidoso, 
88345. 
INVENTIONS WANTED 


HONG KONG factory needs arora new 
roducts for their oversea buyers. Send prod- 
ict ideas for royalty evaluation. Can produce 
xclusively. Hongkong Plastic Metal -Prod- 
ets Company, Box 69627, Kwuntong, 
Iongkong. 


INVENTORS Your first step is impor- - 


ant. For free advice, call ADVANCED 
‘ATENT SERVICES, Washington, DC, 
00-458-0352. 


INVENTIONS, ideas, new producta! Pre: 
entation to Industry. National exposition. 
-B00-288-IDEA. 


500 items! Wholesale catalog | 


INVENTORS: ЇЇ you have an invention 
for sale or license, write for free booklet 
explaining how we can help you. Kessler 
Sales Corp., C-7-IW, Fremont, Ohio 43420. 


JOKES & NOVELTIES 


FREE CATALOG - Fun - 
Jokes, Tricks and Fascinatin, 
bargain prices. MAIOCCO N 
2085, Upper Darby, PA 19082. 


KITES 


rKITES 


| FREE COLOR CATALOG 
Choose from over 100 kites. 

j Many unusual & innovative designs. 
Call or write for your catalog today! 


Into The Wind « (303) 449-5356. 
1408-P Pearl 5t., Boulder, CO 80302 


| Oves, SEND ME A FREE CATALOG f 


novelties at 
ELTY, Box 


i Name f 

- Address 
City 

i _ 


LOANS BY MAIL 


BORROW $50,000 “FAST”. An 
Guaranteed. Capital, Box 61359 PS. ( 
lotte, NC 28256. 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere. Many plans in- 
cluded. Try us! Associates P3, Box 9008, 
Baldwin, NY 11510-9008. 


LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard. 216-349-0251. 


BORROW $500-$40,000! “Overnight” On 
Signature. Keep indefinitely! Action, Box 
5499-Ү Diamond Bar, CA 91765. 


BORROW $500-$200,000 quickly 
Nearly everyone û qualifies! Free Application 
FSE, Box 10321, McLean, VA 22102. 


BORROW $100-$100,000. Quickly, on . 
e 


Signature/Secured Immediately! Apply 


Now! 1-404-879-5514. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-444-6599. 

LOANS For Nearly Anything. Fast Ap- 
provals! Cash 24-48 Hours! PFS, 210 Fifth 
Ave., Dept. 1102, NY, NY 10010. 

HOW Much Money Do You Need? Simple 
Qualifying. Many p Unison, 2170 
Broadway #219, NY, 

1-900-726-7766 ($10 per call) Visa/ 
Mastercard. Instant Preliminary Approval 
With This Call! Poor Credit. 


BORROW $500 - $40,000! “On Signa- 


ture" Any ! 97% Eligible! Free A 
plication: National, Box 7627, Long Beach, 
CA 90807. 


CASH HOTLINE Loans Up To Your 
Yearly Income. Fast Approval With Proof Of 
Employment. 312-565-0919. 


CASH GRANTS AVAILABLE from 
foundations! Never Repay! 401 sources’ 
application instructions—$3.00. Fund- 
search, Box 19107-FB, Washington, DC 
20036. 


BORROW $500-$100,000! “Immediately” 
On Signature. KEEP FOREVER! Credit-2T, 
Box 1621, Spring, TX 77383. 


FREE MONEY! 3300,000,000 GIVE- 
AWAY. Grants. Never repay. Details $1.00. 
Jakla, Box 3066-PS21, Seminole, FL 34642. 


$100, 000 line credit without investiga- 


tion! Private Swiss bank account! Other | 


financial benefits! Free valuable report! 
МАСС PS-2 Box 5399, Torrance, CA 90503. 


MAGIC TRICKS, PUZZLES, ETC. 


PROFESSIONAL MAGIC! Huge Cata- 
log, over 1,000 Tricks and Books. $4.50. 
Hank Lees Magic Factory, Dept. PS2, 125 
Lincoln Street, Boston, MA 02111, 


Packed with | 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunify 
Seekers. Adhesive labels. 200/$8; 500/$11; 
1,000/$18; 2,000/$29: 5,000/$59 QUALITY 
LISTS, Box 6060-CW, Miller Place, NY 
11764. VISA/MC/COD. 800-356-6392. 


FIRST ORDER "TRIPLED FREE"! 
Opportunity seekers! Computerized, ad- 
hesive labels. 200/$5; 500/$9; 1,000/ 
$15; 2,000/$24; 5.000/$49; 10,000/592. 


LIST-MASTERS, Box 425-WK, Mt. Sinai, | 


NY 11766. Visa/MC/COD call 800- 
356-8664. 
ACTIVE NEW OPPORTUNIST 


NAMES! GUARANTEED! FAST DELIV- 
MIXED STATES! 


BOX 526-PS, GRIFFITH, 
1-800-992-9405. 


MISCELLANEOUS 


GENIUS: Classic mind puzzles. $3 
“Mental Technologies” Box 804, Fenton, 
MI 48430. 


EE-EEEEEE, SIZES 5-13 
Extra width for men who need it. 
Excellent variety, nga Ju quality. 
Send for FREE ; 
CATALOG 


The Widest Selection of the Widest Shoes Anywhere! 


HITCHCOCK SHOES, INC 
Dept. 46B, Hingham, MA 02045 


300 CAPACITORS! Great for projects 


repairs. $5.00. K.B.G., 24450 Valencia Blvd, 


Box 6202, Valencia, CA 91355. 


C"CLAIALLAALAALAAAAALAZ 


HOWE VIDEO SHOPPING p 

Nationwide marketing 
1000 video stores: want to 
promote your product on 
video to over 2 milion of 
MMERICAN VIDEO ASSOCIATION their best customers. 
CALL JOHN POWER New, powerful, efficient 
1-800-528-7400 marketing channel € 


6906 6 


MODELS—SHIPS, CARS, 
PLANES, ROCKETS 
LIVE STEAM MODELS! 100 Kits or As- 
sembled. Stunning Colored Catalog $5.95 
Refundable. Diamond Enterprises. Dept PS 


Box 537, Alexandria Bay, NY 13607 
PHONE: (613)-475-1771. 


MONEYMAKING OPPORTUNITIES 
EASY Work! Excellent Pay! Assemble 


Products At Home. CALL 504-641-8003 | 


EXT. 6517 


$10,000.00 monthly taking photo- | 


graphs at home! No experience. (213) 
549-0997 (90 second recorded information). 


FREE details on how to run your own 


. profitable business from home. Huge poten- 


tial! Write JSA Publishing, P.O. Box 5806- 
PS, Englewood, NJ 07631. 


BET YOU 
READ THIS 
AD FIRST! 


That's because the color RED 
makes it stand out on the page. 
If you'd like your product Wi get 


extra attention, POPU 
SCIENCE offers this second 
color for a small premium. 


For full details contact 
Dorothy Ellis at 


| (212) 779-5163 or 
(800) 445-2714 


J MARKET YOUR PRODUCT THRU ДА | 


| tablished 1934. We buy 


EASY CASH. 15 proven money-making 
formulas. Rush $2.00 to: Stinson reser 
Dent PS, P.O. Box 2340, Prince George, B 

2J8, Canada 


MAKE BIG $$$ in Antique Cars. Free 
Details. Southside Creations, 115 Oakland 
Rd., Spindale, NC 28160. 


REPLICA ROLEX WATCHES Quartz 
and Automatic Dealers Wanted. To order 
call Rashio Imports (818) 763-2028. 


MAKE Rubber Stam ша 
ble. Free details. ST PER, 


sus ta- 


| (LLD), Tampa, FL 33622- 


OF INTEREST TO ALL 


GOLD CREDIT CARD GUARANTEED 
APPROVAL. NO BANK DEPOSIT NEC- 
ESSARY. CATALOG SHOPPING USA 
GOLD CARD 1-600-888-7774. 


@ HOT! 


OFF THE DRAWING BOARD FROM THE 


U.S. PATENT OFFICE 


LEARN OF THE NEWEST INVENTIONS, PRODUCTS. AND 
TECHNOLOGICAL ADVANCES YEARS BEFORE THEY 
REACH THE GENERAL PUBLIC. 

NOW MADE EASILY ACCESSIBLE 

THROUGH A NATIONWIDE PROJECT. 
DETAILED ILLUSTRATIONS & COMPLETE 
DOCUMENTATION OF MECHANICS ARE INCLUDED. 
SEND $20 CHECK OR MONEY ORDER ONLY TO: 


U.S. PATENT PUBLICATIONS 
PT. 162 : TITLE 197 
2020 PENNSYLVANIA AVE., N.W. 
WASHINGTON, D.C. 20006 


HIGH TECH SPEAKERS Design by PC 
computer $20. SACC, P.O. Box 8712825. 
Houston, Texas 77271. 


COLLEGE DEGREES, High School Di- 
lomas. Authentic looking novelty. Free 
Catalog. Dept. PS-154, National Certificate, 
126 13th it., Brooklyn, NY 11215 (718) 
768-6803 (24 HOURS). 


SUCCEED on your own. Escape Corpo- 
rate America. Eleven steps to apane; 
Report $5.00: Escape, 902 Roberts, 
Clarkdale, AZ 86324 


MEW SOLVE PROBLEMS THROUGH 
DREAMS! FREE details. DreamSol, 500 
East Anderson 125D, Austin, TX 78752. 


EIGHT favorite diets for weight loss | 
$10.00. L.C.M., P.O. Box 67, Muncie, IN 


| 47308. 


OLD GOLD, JE WELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old Боа business. Es- 
ld, Silver, Plat- 
inum, Diámonds. Highest Cash. Free infor- | 
mation. Rose Industries, 29-Y East Madison, | 
Chicago 60602. 


with Information. Chi & Proclus 
Metals, 10 S. M Sa Ca 657, Chicago, 
60603. 


PATCHES, DECALS, BADGES _ 
CUSTOMIZED PATCHES, PINS, DE- | 


LOG, STADRI, 57R LEROY, NYC 10014 
(212) 929-2293. 


PLANS, BLUEPRINT S 


AIR PURIFIER PLANS. START YOUR | 
OWN AIR CLEANING BUSINESS WITH 
ACTIVATED CARBON AND HEPA AIR 
PURIFIERS, LIST OF PARTS, PROD- 
UCT SUPPLIERS, AND COMPLETE 
PLANS FOR THREE EASY TO ASSEM- 
BLE MODELS, PORTABLE, FURNACE, 
AND COMMERCIAL. SEND $49.95 
CHEQUE OR VISA # TO: CLEAN AIR, 
P.O. BOX 549, COBOURG, ONTARIO 
CANADA КЭА 4L 3. 


PLANS for flat оспа LATE table. One 
sheet plywood. Easy to build. $3.95. Tote: 
Table, 1709 Ave Del Sol, Tucson AZ 85710 


SUCCESSFUL Owner Бш Dome. Aeri- 
al photo, Plans, Histo s. $24 Dome 
8626 NE 170, Bothell, WA Sabi 


LAWN SPRAYER For Garden сар 10 
to 50 Gallon Capacity, 12 Volt, Com 


Plans and list, $12.00. Tom 
2067 Mt. Hope Ch. Road, Whitsett, 
21311. 
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RUBBER. Liquid components, tech- 
ni ا‎ Catalog, $1: Handmade, Box 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For 


bedding, 
ing, lassing, ing and | 
ing with cur Mold Making Supplies Tdk 


391, Woodstock, IL 60098. 


CUSTOM PRINTED BUSINESS 
FORMS, LABELS, TAGS, ENVELOPES, 
CHECKS, 1-800-331-3841. FREE CAT- 
ALOGS. 


Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


DELICIOUS French Orange Cake. $2.00, 
SASE. Fabian, 5364 Ehrlich , Suite 16, 


Down Easy 
day. 1-800-383-0583. Patten Land of Colora- | 
do Corp. 


MONTANA LAND BARGAINS: 20 Acre 
mountain 
NOW for PUER information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


Call Toll Free: 1-BOO-7 35-5484 
CALIFORNIA. Acreage. Lo 0 down. 
$50 monthly. 4602 Ethel run beri 


Oaks, CA 91423. 


NORTHERN IDAHO. 5-1 0-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunti 
ment. Hun 
FREE brochure. N TIONAL 2 
ATED PROPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


HOW TO INSPECT HOUSES. Do-It- 
Yourself Inspection Kit. Detailed Checklist 
Includes Evaluation Manual. $29.95 Mucci, 
Box 622, Mauldin, SC 29662, 803/288-7526 


PLASTICS | 


6713(PS2), Memphis, TN 38186-0713. 


, em 
ері. 91B/PS, Box 


PRINTING SERVICES 


RADIO, TELEVISION 
SECRET Scanner Frequencies: Federal, 


RECIPES 
REAL ESTATE 


*BUILD YOUR DREAM IN COLORA- 


parcels starting at $12,900. Call 


MONTANA 


Trees, Creeks and Wildlife, 20 QUALITY acres 
(and up). close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed Ac- 


cass. Warranty Deed, Insured Title. Free Brochure. 


Rocky Mountain Timberlands 
333 Haggerty Lane e Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 e (406)586-8088 


к Маш, recreation, retire- 
rcels. E terms. 
LSSOCI- 


$11.25 PER WORD 


10 word minimum 
| BOLD FACE CAPS add $1.00 a word 
TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 

[3 Remittance of $ 
[] CHARGE to: 


Heading my ad should be under: 
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REMAILINGSERVICES ` 


SATELLITE TV 


SATELLITE T.V. 


- CATALOG 
FREE DISCOUNT PRICES 


CALL 1-800-845-6664 


WEST-COAST SATELLITE 
617 W. Division 
Mt. Vernon, WA 98273 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, P-O. Box 25161, Seattle, 
WA 98125 


Save 30%-60% 
Systems, upgrades, 
IRDs, movers, Feeds, LNBs, 
3' to 24' dishes and тоге... 
Names Like - 


Monterey, Uniden, Drake 
HTS, Orbitron, etc. 
600-334-6455 
218-739-5231 MN & INT. 
SKYVISION INC® 


2026 COLLEGE WAY | 
FERGUS FALLS, MN 56537 


FOX Scientific Laboratory Supp 
Chemicals. $2.00. 4571 S Westmoreland, 
Dallas, TX 75237. 


1991 CATALOG, 200 pa Chemistry, 
Biology, Physical & Earth pages ence, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific 1665 
Buffalo Rd., Rochester, NY 14624. 


EXCITING SCIENCE KITS AND PROJ- 
ECTS! Catalog with science calendar $1.00 
(refundable), Bright Mind, Box 16798, Port- 
land, OR 97216. 


“EXPERIMENTERS” LABORATORY 


CHEMICALS - GLASSWARE, Catalogue 
$2.00 Established 1953 Hagenow Laborato- 


ries, 1302 Washington. Manitowoc, WI 
04220 


CHEMICALS AND LAB EQUIPMENT 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 
scopes available. Send $5.00 for catalogue. 
Chem Lab, 1060-C Ortega Way Placentia, 
CA 92670. 


AMAZING ancient imitation GOLD 
FORMULA discovered. Make GOLD from 
common materials. Send SASE, $20.00 to: 
DEREN, h, P.O: Box 520, Plymouth, Mich. 


YOUR SIGNATURE 


lies And | 


is enclosed to cover 


SONG WRITER 


ракия QE МАмтЕр. Music 
Box 1438 PS, Sarasota. FL 335 roadway Music 
33578. 


SPECIAL SERGE 


INFORMATION On An g. Ferguson 
Research Specialists. 60-1 Woodside Ave- 
nue, Woodside, NY 11377. _ 


SPORTING GOODS 


, MINI He Heater Pads $3.00 (2) Extra Hot 
6153, Alex, VA 22306. 


STAMP COLLECTING 


"UNITED NATIONS 3 Mint Sets, 25g. 
Cornetta, POB 1509-P, Lake Placid, Florida 


FREE list, gift with SASE, THOMAS, 
Box 17692, Milwaukee, WI. 53217 
WORLDWIDE PACKET CATALOG 


ACCESSORIES AND SUPPLIES, BASE- 
BALL CARDS, POSTCARDS AND BANK- 
NOTES. PLUS YOU'LL RECEIVE 
STAMPS ON APPROVAL. 
WHAT YOU LIKE, RETURN BALANCE, 
SATISFACTION GUARANTEED 

TOWN STAMP COMP. 


JAMES- | 
PANY, INC., DEPT 
E21PS, JAMESTOWN, NY, 14701-0019 | 


1,000 STAMPS, $2.95. Guaranteed | 


250 different $1.00 with approvals. ANP, 


Box 160630, Cupertino, CA 95016. 


TELEPHONES & ACCESSORIES 
ADD. A - PHONE Anywhere yourself. 
Instructions and diagrams $6.00. Rhadco 
Inc., 1135 Woodland Ave., Ojai, CA 93023. 

STOP PRANK PHONE CALLS - Elec- 


tronic device one namia 0 
son calling үр E БОБ 
337, Buffalo, NY 14226. 


TOOLS & MACHINERY 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


es 
Catalog $1.00 
P.O. ВОХ 536-PS, HURRICANE, WY 25526 © (304) 562-3538 
| è Compact * Maximat е Myford ê Sherline + Atlas © Jet 
T 


AM m RUN __ 


| 
WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Main St., counts as SEVEN | 
words. Р.О. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zip code together count as TWO words. | 
DEADLINE FOR ADS: See head of classified section. | 
TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. | 
| 
| 
| 


insertion(s) in the 
= Exp. Date 


PHONE 


STATE 


(PLEASE PRINT OR TYPE COPY ы FOR; ADDITIONAL WORDS ATTACH SEPARATE SHEET) 


аны ша шша ашын пшн пышы ышы пыры аы пы E E E E 


560°. Newman Enterprise, Р.О. Box . 


4” METAL Cutting Lathe $118.20., T 
15048 Proctor, Industry, CA 91746. 


LATHES 
STARTING AT $350 — 
. *Milis Metals *Boo 


Catalog $2.00 
(1000'4 of items) 


ig Sn 513-322-8562 


CAMPBELL LL TOOLS COMPANY 
2100P Selma Read, Springfield, Ohio 45505 


VIDEO EQUIPMENT 


REMOVE VIDEO COPYGUARDS wi. 
dto. digital stabilizer, Get crystal cles 
ures from rental movies. $50.00 ea 
500 P P&H (203) 724-2964, ELECTRICA 
TECHNOLOGIES, P.O. BOX 4532, HART 
FORD, CT 06101-9717. 


WEARING APPAREL 
NECKTIE PROTECTOR Guard’ E 


| pomp Ties Invisibly Against 


Spots г 
ns. Completely Safe on Silk and Sn 
thetic Fabric $13.50. Repel Lab, 1200 О 
Freeport Rd., Pittsburgh, PA 15238. 


WINEMAKING 


WINEMAKERS-BEERMAKERS Fre 
Illus atalog - Fast Service - Lê 
Selection - Visa/Mastercard - (816) 254-024: 
KRAUS, Box 7850-N, Independence, Mis 


BEERMAKERS—Winemakers Freq 
Catalog. Fast Service, Free Recipes 
СеПаг-5, Box 33525, Seattle, WA 98133 
800-342-1871. 


FREE CATALOG! GREAT PRICE 


FAST SERVICES! SEBASTIAN BRE 
ERS, 7710 915T AVE, VERO BEACH 


FL 32967 (407) 589-6563. 
kehrt MADE EASY No 5 
cial Equipment. SuperMarket | ient 
Complete Method $10.00. eae VAY, Bo 


1748, Delray Beach, FL 3344 


BEER BREWING KITS/SUPPLIE 
Free Catalog! 407-626-2899. Home Brewerk 
Outlet, Р.О Box 30626, Palm Beach 
dens, FL 33420. 


WATER PURIFICATION 


DRINK PUREST WATER! Home Dis 
tillers, Discount Prices! 800-874-9028 - 
WATERWISE, Box 45981, Center Hill, | 
33514-0459. 


WATER Softeners and Water Purifiers 
Lowest Prices Addies 608-755-1031 


WATCHES & CLOCKS | 


CLOCKS AND WATCHES Wanted all 


new spare parts for Bulova Accutron 
214-218-2302 etc. Write to: Gabrieli Brono - 
Via Beltrame, 14 35100 PADOVA/TTALY. 


issue(s). 
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ADVERTISEMENT n ws 


Product Information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


201 Windows and Patios A full-color bro- 
chure from Andersen Corp. provides informa- 
tion on.custom combinations, planning a proj- 
ect, choosing a contractor, and more. Free 


202 On-line Computer Communications 

CompuServe's brochure shows you how to use 
and communicate through the world's largest 
and most comprehensive computer informa- 
tion service. Included is information on hard- 
ware and software support, electronic mail, 
personal investment services, and more. Free 


203 Advanced Heat Pump The "All the Com- 
forts of Home... and Then Some" brochure 
from Edison Electric describes the develop- 
ment of the EPRI-Carrier advanced heat pump, 
which operates 30 to 40 percent more effi- 
ciently than conventional heat pumps. Free 


204 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains more than 3,200 
products for the hobbyist, gadgeteer, and edu- 
cator. It features telescopes, weather instru- 


ments, plus many items for science-fair projects. 


Free 


205 Security Systems . Espion's "Home Se- 
curity Checklist" brochure describes its easy- 
to-install Homewatch 2000 wireless home- 
security device. Homewatch 2000 avoids 
annoying false alarms by using separate heat 
and motion sensors. Free 


206 Oil Additive A brochure from Fluoramics 
describes Tufoil, a spectacular low-friction and 
low-wear oil additive. Enjoy fast starts, smooth 
operation, better acceleration, and longer en- 
gine life. Free 


207 Solariums А literature package from- 


Four Seasons Solar Products includes: Series 
200 and 300 Patio Room brochures, a Mod- 
U-Glaze brochure, a Four Seasons Quiet Aire 
Roof Ventilation System brochure, a Window 
and Patio Doors catalog, and Steel and Royal 
Classic catalogs. $10 


Please send the items checked below. | am enclosing $1 handling 
nee of items per coupon) plus amount required for priced items. 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


208 Affordable Home Plans Home Planners 
offers a collection of home designs to satisfy 
the moderate building budget. Contributing to 
affordability are designs with expansible po- 
tential, dual-use space, compact configura- 


tions, prudently planned livability, and no , 
, wasted space. $3.95 


209 Do-it-yourself Videos Hometime, pro- 


ducers of the "how-to" home-improvement vid- 


eos, currently offers 41 specific project tapes 
for the do-it-yourselfer. Each tape runs 40 to 
90 minutes and retails for $9.99 at local hard- 
ware or home centers. Send for a list of avail- 
able tapes. Free 


210 Sound Retrieval System А color poster/ 
brochure available from Hughes Aircraft de- 
scribes the features, benefits, and operation 
of its unique 3D Audio Circuit Sound Retrieval 
System. Free 


211 Paint and Varnish Removal Klean Strips 
two free booklets, "Protect Your Home Like a 
Pro" and "Guide to Paint and Varnish Re- 
moval,” offer important information for home- 
owners, do-it-yourselfers, and weekend han- 
dymen. Free 


212 Window Ideas A brochure from Marvin 
Windows illustrates with four-color photographs 
and renderings how window sizes and styles 
affect the appearance of your home. Both en- 
ergy and maintenance information ts also in- 
cluded. Free 


213 Radar Detectors A catalog from Maxon 
Systems features a full line of radar detectors. 
The catalog also includes two-way radios, 
weather-alert receivers, and hand-held CB 
radios. Free 


214 Compact Camcorder From Minolta, the 
mastermind of autofocus cameras, comes the 
Master Series Camcorders. Master Series 
Camcorders are available in a 1. /-pound model 
and the ultra-light 1.65-pound version. Free 


charge (any 
rs wiil not 
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215 Wood Finishing This edition of Min- 
wax's 30-page wood finishing guide contains 
both time-saving tips and how-to instructions. 
You will learn how to beautify and protect new 
wood and restore old wood to its original beauty. 
Free 


216 North Carolina Vacation The state of 
North Carolina offers a travel package con- 
taining facts for planning where to go, where 
to stay, and what to do on a North манов 
vacation. Free 


217 Software Parson Technology's full-color 
catalog describes its line of affordable quality 
software. In it you will find exceptional finan- 
cial, church, personal improvement, personal 
productivity, and utility IBM-PC compatible 
products for both the home and small busi- 
ness. Free 


218 Computer Finance Reality Technologies 
Wealthbuilder by Money magazine is a finan- 
cial planning and investigating tool that helps 
define objectives and matches them to a spe- 
cific strategy. The strategies include stocks, 
bonds, and mutual funds. Wealthbuilder is 
easy to use, the results are fast, and you 
don't need to have an understanding of fi- 
nance or computers in order to be successful. 
Free 


219 Septic-System Help Unfortunately, your 
septic system can back up. But Rid-X helps 
you avoid septic-system failure. The compa- 
ny's booklet explains how your septic system 
works and how you can help it to keep work- 
ing. Free 


220 Towing Tips U-Haul International offers 
a brochure entitled "Select a Hitch Guide," 


_which is designed to make towing easier. The 


guide charts hitch types, hitch classes, trail- 
ers, and tow vehicles. It will help you select 
the correct hitch and class, depending upon 
your type of vehicle and what you are plan- 
ning to tow. Free 
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ГАМ ENCLOSING 


$ — for priced items 

$. 100 for handling 
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ج ا‎ 


THIS COUPON EXPIRES APR. 30, 1991 
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POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 
Note: POPULAR SCIENCE New Jersey address is for Product information only. 
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FEBRUARY 1966 


your town? There's only 
YEARS AGO one honest answer—yes. 
The recent Northeast blackout dem- 
onstrates how. Unless you live in one 
of a few remaining isolated communi- 


ties, your electric power system is — 


tied into a grid very much like the 
ones that failed and left 30 million 
people in the dark. 

These big blackouts grow not from 
local-line or transformer failures, but 
rather from far more complex causes 
involving what engineers call the in- 
ter-tie system. j 

Years ago, each community had its 


Looking Back... 


Can a blackout happen in | 


them the ability to 


own generator. As a 
town grew, more gener- 
ators were installed, but 
they were all separate. 
Gradually, engineers be- 
gan hooking generators 
together in coordinated 
systems. Then, if one 
failed, the others could 
pick up the load. Next 
came high-voltage trans- 
mission lines, and with 


transmit large amounts V 
of power over long dis- 
tances. Now planners 
could put up huge high- 


| voltage power lines and | 
zw connect separate grids. | 
| Grids save money for 
4 power companies and 
сас prevent blackouts. But 
Ze c4 they also bring a new 
EE vulnerability. "Whenev- 
EX er you interconnect a 
si large system,” says W. 
t J. Kelley of Illinois 
Tsg Power Co., “a byproduct 
44 E is the chance of cascad- 
" ==" ing power failures." 


ч P * Generating systems switch 
@&* "ч 230,000- or 345,000-volt 
Ln transmission lines on and off. 


Ap FEBRUARY 1941 

It cannot be too strongly 
а emphasized that the long- 
YEARS AGO range bomber, coordinated 
with naval operations, is the key to 
American air defense. We have on 
hand about 1,500 Army and Navy 
bombers, roughly half of which are of 
the medium and heavy classes. With 
an adequate fleet of bombers, we are 


| like a boxer with a long reach and 


great skill, matched against a strong, 
FEBRUARY 1891 
The lightly falling snow- 


100 flake, with its poetic affili- 


YEARS AGO ation and its attractive as- 
pects, has its aspect of terror as well, 
for the feathery snow has done more 
to limit man’s dominion of the Earth 
than any other of the unfriendly 
agencies of Nature, even if we count 
the fiery ravage of the volcano and 
the ruinous work of the earthquake. 
While the rains are friend to man, 
the snows are his enemies. 

Snow is the great opponent to the 
effect of the sun’s distributed heat. It 


| constitutes an agent of Nature by 
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stocky opponent who likes to clinch 
and fight to the stomach. 

In the air, the Army’s role is almost 
as important as the Navy’s. Army 
bombers can fly over the ocean just as 
well as seaplanes. The Army also has 
the responsibility of defending the 
Navy's vital bases—in effect, the 
Navy protects the country, and the 
Army protects the bay. 

All of this applies to defense and to 
defense only. If we allow ourselves to 


which the chill of the upper atmo- 
sphere is conveyed to the Earth's sur- 
face and stored there in a more or 
less persistent form, which requires 
much of the solar heat and the warmth 
of tropic winds and waters to over- 
come. The deep snows of northern re- 
gions are exhaustive of solar heat, 
and reduce the agricultural season of 
these regions to a dangerously short 
period. In their melting, also, the 
surface air is chilled, and winds from 
the north convey this chilled air to 
the south, thus spreading widely 
over warmer zones the frost-inducing 
influence of the melting snows. 


America’s first line of air defense is our 
naval air arm—the largest in the world. 


be led into grandiose military adven- 
tures abroad, or if we break down un- 
der the stress of political and social 
difficulties at home, all the planes in 
the world are no insurance. 

But barring disasters of our own 
creation, our air defense is as sound 
as any human institution can well be, 
and we have every incentive and op- 
portunity to keep it so. 


Aerial snow—snow that forms in | 
the upper strata and is melted at low- 
er levels of the air—may have always | 
been an important agent in the cool- | 
ing of the Earth, aiding in the upward 
transport of heat during the ages 
when the surface was at a high tem- 
perature. In those ages, the great | 
quantity of water vapor in the air hin- 
dered the free radiation of heat, which 
was lifted upward by warm ascending 
currents. This may have been aided 
by the conversion of the vapor of these 
vertical winds into snow in the upper | 
air, the descent of this snow, and the | 
heat consumed in melting it. 


When you consider all the advantages of the 1991 Plymouth РТ | nanlait 

peA we dont think you'll give the Honda Accord a ed look. Plymouth Acciaim 
For one thing, Acclaim has available seating for 6. Accord only seats 5. Acclaim offers greater power 
than Accord, with available V-6 and turbo. Our powertrain warranty is longer, too — 7 years or 70,000 
miles* Safety? We feature standard driver's-side air bags and available 4-wheel ABS braking; Accord 
doesn't. The Acclaim also costs over $1,500 less than Accord? Call 1-800-PLyMouTH for purchasing or 
leasing information. Test drive the Acclaim and you won't have second thoughts about owning one. 


WERE NOT SAVING THE 
ACCORD [5 SECOND RATE. 
MERELY SECOND BEST. 


Plymouth Acclaim 


*Protects engine, powertrain and covers outerbody rust-through. See limited warranty at dealer. Restrictions apply. tBase sticker price comparison. Std. equip. levels vary. 
Buckle up for safety! © Plymouth/Chrysler Motors, 1990 


Í Full rich flavor, 
` not full price. 


f Available in Kings & Kings Lights. 


® Philip Morris Inc. 1990 


SURGEON GENERAL'S WARNING: Cigarette Mfr's. suggested retail price. 


smoke Contains Carbon Monoxide. 


Kings Lights: 11 mg ''tar;' 0.7 mg nicotine— Kings: 14 то 
"tar, 1.0 mg nicotine av. per cigarette by FTC method. 


